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ANSAMYCINS HAVING IMPROVED PHARMACOLOGICAL 
AND BIOLOGICAL PROPERTIES 



5 RELATED APPLICATIONS 

This application claims priority to United States Provisional Patent Application 
Ser. No. 60/367,055, filed March 22, 2002 entitled ANSAMYCINS HAVING 
IN4PR0VED PHARMACOLOGICAL AND BIOLOGICAL PROPERTIES, United States 
Provisional Patent Application Ser. No. 60/355,275, filed February 8, 2002, entitled 
10 NOVEL ANSAMYCINS HAVING IMPROVED PHARMACOLOGICAL AND 

BIOLOGICAL PROPERTIES, and PCT/US02/39993, filed December 12, 2002, entitled 
Assay for Determining HSP90 Binding Activity. Each is herein incorporated by reference 
in its entirety including all drawings and figures. 

FIELD OF INVENTION 
15 The invention relates to ansamycin compounds that are usefiil, e.g.^ as antibiotics 

and in the treatment of various cancers, inflammatory diseases and infectious desiseases. 

BACKGROUND 
The following description includes information that may be useful in 
understanding the present invention. It is not an admission that any of the information 
20 provided herein is prior art or relevant to the presently claimed inventions, or that any 
publication specifically or implicitly referenced is prior art. 

Ansamycins are a class of naturally occurring, synthetic, and semi-synthetic 
formulas characterized by aliphatic rings of various length and constitution bridging 
opposite mds of aromatic ring formulas and tiieir reduced equivalents. Subsumed within 
25 this class is the sub-class, benzoquinone ansamycins, which possess a benzoquinone as the 
aromatic ring formula. U.S. Patents 3,595,955, 4,261,989, 5,387,584, and 5,932,566, and 
International Applications PCT/US92/10189 (WO 93/14215) and PCT/IB94/00160 (WO 
95/01342) describe the isolation, characterization, prq)aration and/or use of many 
ansamycins, including the well-known benzoquinone ansamycin, geldanamycin, and its 
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hydrogenated equivalents. See also Progress in the Chemistry of Organic Natural 
Products, Chemistry of the Ansamycin AnUbiotics, 33 1976, p. 278. 

Geldanamydn, as first isolated from the microorganism Streptomyces 
hygroscopicus, was originally identified as a potent inhibitor of certain kmases, and was 
5 later shown to act by stimulating kinase degradation, specifically by targeting ''molecular 
ch^erones," e,g., heat shock protein 90s (HSP90s). Subsequently, various other 
ansamyins have demonstrated more or less such activity, with 17 allyl amino 
geldanamycin (17-AAG) being among the most promising and the subject of intensive 
clinical studies currently being conducted by the National Cancer Institute (NCI) for their 
10 use as potential anti-cancer agents. See, e,g,. Federal Register, 66(129): 35443-35444; 
Erlichman et al^ Proc. AACR (2001), 42, abstract 4474. 

HSP90s are ubiquitous chapCTone proteins that are highly conserved in nature and 
that are thougjit to be involved in folding, activation and assembly of a wide range of 
proteins, including key proteins involved in signal transduction, cell cycle control and 

15 transcriptional regulation. NCBI accession #'s P07900 and XM 004515 (human a and p 
HSP90, respectively), PI 1499 (mouse), AAB2369 (rat), P46633 (chinese hamster), 
JC1468 (chicken), AAF69019 (flesh fly), AAC21566 (zebrafish), AAD30275 (sahnon), 
002075 (pig), NP 015084 (yeast), and CAC29071 (frog) are illustrative of HSP90s. 
Grp94 and Trap-1 are related molecules that tnay exhibit a similar effect when contacted 

20 with HSP90 inhibitors. Researchers have reported that HSP90s are associated with 
important signaling proteins, such as steroid hormone receptors and protein kinases, 
including, e.g, Raf-l, EGFR, v-Src family kinases, Cdk4, and ErbB-2 ( Buchner J., 1999, 
UBS, 24:136-141; Stepanova, L. a/., 1996, Genes Dev. 10:1491-502; Dai, K. etal, 
1996, 1 Biol Chem. Til :22030-4). Studies further indicate that certain co-chaperones, 

25 e.g, Hsp70, p60/Hop/Stil, Hip, Bagl, HSP40/Hdj2/Hql, immunophilins, p23, and p50, 
may assist HSP90 function (see, e.g., C^lan, A., 1999, Trends in Cell Biol, 9: 262-68). 



2 
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Ansamycins are thought to exert their anti-cancerous effects by tight binding of the 
N-terminus pocket of HSP90s(Stebbins,C. a/., 1997, Ce//. 89:239-250). This pocket 
is highly conserved and has weak homology to the ATP-binding site of DNA gyrase 
(Stebbins, C. et al, supra; Grenert, J.P. et al. 1997, J. Biol Chem., 272:23843-50). 
5 Further, ATP and ADP have both been shown to bind this pocket with low affinity and to 
have weak ATPase activity (Proromou, C. et al, 1997, Cell, 90: 65-75; Panaxetou, B. et 
al, 1998, EMBO J., 17: 4829-36). In vitro and in vivo studies have demonstrated that 
occupancy of this N-tenninal pocket by ansamycins and other HSP90 inhibitors altera 
HSP90 function and inhibits protem folding. At high concentrations, ansamycins and 
1 0 other HSP90 inhibitors have been shown to prevent binding of protein substrates to HSP90 
(Scheibel, T., H. et al, 1999, Proc. Natl Acad. Sd. USA 96:1297-302; Schulte, T. W. et 
a/., 1995, J.Biol CAew. 270:24585-8; Whitesell,L.,e?fl/.. 1994,Proc. Natl. Acad. ScL 
USA 91 :8324-8328). Ansamycins have also been demonstrated to inhibit the ATP- 
^ dependent release of chj?)erone-a^sociated protein substrates (Schneider, C, L. et al, 
15 J 1996. Proc Natl Acad. ScL 93:14536^1; Sepp-Lorenzino era/., 1995. J.' Biol 

Chem. 270:16580-16587). In either event, the substrates are degraded by a ubiquitin- 
dependentprocess intheproteasome (Schneider, C, L.,st^ra; Sepp-Loienzino, L., etal, 
J 1995, J. Biol Chem., 270:16580-16587; Whitesell, L. et al, 1994, Proc. Natl Acad Sd. 
^" USA, 91: 8324-8328). 

20 This substrate destabilization occurs in tumor and non-transformed cells alike and 

has been shown to be especially efifective on a subset of signaling regulators, e.g., Raf 
(Schulte, T. W. etal, \991,Biochem. Biophys. Res. Commun. 239:655-9; Schulte, T. W., 
et al, 1995, J. Biol Chem. 270:24585-8), nuclear steroid receptors (Segnitz, B., and U. 
Gehring. 1997, J. Biol Chem. 272:18694-18701; Smith, D. F. et al, 1995, Mol Cell 

25 Biol 15:6804-12 ), v-src (Whitesell, L., et al, 1994, Proc. Natl Acad Sd. USA 

91 :8324-8328) and certain transmembrane tyrosine kinases (Sepp-Lorenzino, L. et al, 
1995, J. Biol Chem. 270:16580-16587) such as EGF receptor (EGPR) andHer2/Neu 
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(Hartmann, F., et al, 1997, M. J. Cancer 70:221-9; Miller, P. et al, 1994, Cancer Res. 
SA-JniA-mO', Miiimaugh, E. G., et al, 1996, /. Biol Chem. Ill :22796-801; Sclmur, R. et 
al, 1995, J, Med. Chem. 38:3806-3812), CDK4, and mutant p53. ErKchman€/a/.,Proc. 
AACR (2001), 42, abstract 4474. The ansamycin-induced loss of these protdns leads to 
5 the selective disruption of certain regulatory pathways and results in growth arrest at 
specific phases of the cell cycle (Muise-Heimericks, R. C. et ai, 1998, J. Biol. Chem. 
273:29864-72), and apoptsosis, and/or diJBFerentiation of cells so treated (Vasilevskaya, A. 
etaLy 1999, Cancer Res., 59:3935-40). 

Recently, Nicchitta et al., WO 01/72779 (PCT/USOl/09512), demonstrated that 
HSP90 can assume a different conformation upon heat shock and/or binding by the 
fluorophore bis-ANS. Specifically, Nicchitta et al. demonstrated that this induced 
conformation exhibits a higher aflBnity for certain HSP90 ligands than for a different form 
of HSP90 that predominates in normal cells. Commonly-owned application 
PCT/US02/39993.canies this discovery even fiirfher by demonstrating the utility and uses 
of cancer cell lystates as excellent sources of high affinity HSP90. 

In addition to anti-cancer and antitumorgenic activity, HSF90 inhibitors have also 
been implicated in a wide variety of other utihties, including use as anti-inflammation 
agents, anti-infectious disease agents, agents for treating autoiamiumty, agents for treating 
stroke, ischemia, cardiac disorders and agents usefiil in promoting nerve regeneration (See, 
20 e.g., Rosen et al., WO 02/09696 (PCT/USOl/23640); Degranco et al., WO 99/51223 
(PCT/US99/07242); Gold, U.S. Patent 6,210,974 Bl; DeFranco et al., US Patent 
6,174,875), Overlapping somewhat with the above, there are reports in the literature that 
fibrogenetic disorders including but not linodted to scleroderma, polymyositis, systemic 
lupus, rheumatoid arthritis, liver cirrhosis, keloid formation, interstitial nephritis, and 
25 puhnonary fibrosis also maybe treatable. (Strehlow, WO 02/02123; PCT/USOl/20578). 
Still fijrfher HSF90 modulation, modulators, and uses thereof are reported in 
PCT/US02/35938, PCT/US02/16287, PCT/US02/06518, PCT/US98/09805, 

4 
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PCT/USOO/09512, PCT/USOl/09512, PCT/USOl/23640, PCT/USOl/46303, 
PCT/USOl/46304, PCT/US02/06518, PCT/US02/29715, PCT/tJS02/35069, 
PCT/US02/35938, PCT/US02/39993. 60/293,246, 60/371,668. 60/331,893, 60/335,391, 
06/128,593, 60/337,919, 60/340,762, 60/355,275, 60,367,055 and 60/359,484. 

5 However, at present flie various known mefliods of producing ansamydns exhibit 

one or more of low yield, low purity, low solubility, chemical instability (in vivo and/or in 
vitro), poor pharmaceutical properties (short tl^, metabolic instabiKty), enviionmental 
toxicity associated with the use of halogenated organic solvents, and additional attendant 
costs in terms of time, expense, waste disposal, and health risks to those taking the drugs 
10 so made. Commonly-owned applications, Ser. Nos. 60/272,251, filed March 1, 2001, and 
esiA\\sA. Methods for ly-ecOmg Genetically Defined Proliferative Disord^ with HSP90; 
Ser. Nos. 60/326,639 and 60/331,893, filed respectively September 24, 2001 and 
^ . Novranber 21, 2001, and both entitled Chemical Process for Preparing 1 7-Allyl Amino 
.jf, Geldanamycin ( 1 7-AA G) and other Ansamydns and Ansamycin Derivatives; and a 
15. provisional appUcation filed December 2, 2001, and eaaMoA. Assay for Determining 

HSP90 Binding Activity, describe some of these problems and how they may be addressed. 

:> It is an object of the present invention to ameliorate one or more of the problems 

associated with traditional ansamycin preparations and use, e.g., low metabolic stability, 
low bioavailability, low water solubility and/or formulation difficulty. Another object is 
20 to provide new ansamycin compounds, preferably of improved potency and 
pharmacokinetic properties. 

SUMMARY OF TEIE EWENTION 

A deficiency of the previous generation of ansamydns such as geldanamycin (GM) 
and 17-allyi amino geldanamycin (17-AAG) is that they exhibit one or more poor 
25 pharmacological properties, e.g., metabolic instability, poor bioavailability, and/or 

difficult formulation ability, particularly for in vivo intravenous administration. In order to 

5 
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develop an e£fective ansamycm drag, it is desirable to address these deficiencies, as well 
as to provide new GM analogs and derivatives. 

Applicants herein describe new ansamycin derivatives and methods of preparation 
thereof. At least some exhibit inq)roved pharmacological properties, e.g., one or more of 
5 high biological exposure, improved biological half-life, increased water solubility, and 
increased metabolic and chemical stability. Some of these ansamycin derivatives are 
especially well suited for use as pro-drags, e.g., 17-alkyl amino geldanamydn and 17- 
alkyl amino dihydrogeldanamycin. Some others take flie form of dimers, e.g., of 
geldanamycin and/or dihydrogeldanamycin. 

10 In a first aspect, the invention features compounds of formula Q 



o 




(D 

or pharmaceutically acceptable salts thereof, wherein 

X is selected &om the group consisting of optionally substituted (Cl-C20)a]kyl, 
15 optionally substituted (Cl-C20)heteroalkyl, optionally substituted (C2-C20)alkenyl, 
optionally substituted (C2-C20)heteroalkenyl, optionally substituted (C2-C20)alkynyl, 
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 
arylalkyl, optionally substituted heteroarylalkyl, optionally substituted cycloalkyl, 
optionally substituted cycloheteroalkyl, -N(El9>C(0)R7, -N(R9)-C(0)-0 R?, -NCRg)- 
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C(0).N R7R8, -NCR9)-C(S) R7, -N(R9)-C(S)-0 R7, -N(R9)-C(S)-N R7 Rg, -ORe and - 
N(Ri4)(Ri5); 

Ri and R2 are both H or together form a bond; 

R3 is selected from the group consisting of H and optionally substituted C1-C3 

5 alkyl; 

R4 and R5 are independently selected from the group consisting of H, -OH, O- 
alkyl, 0-acetyl, -O-aiyl, OC(0)Rio, -S O2- Rio, and -NH Rio, or together form 0x0 (=0), 
or hydroxylamino alkoxyimine or aryloxyimine, thioketo, wherein Rio is selected from the 
group consisting of H, optionally substituted (Cl-C20)a]kyl, optionally substituted (Cl- 
1 0 C20)heteroaJkyl, optionally substituted aryl; and optionally substituted heteroaryl; 

R6 is selected from the group consisting of H, optionally substituted C1-C8 alkyl, 
, . optionally substituted C5-C8 aryl, and optionally substituted C1-C6 acyl; 

R7 and Rs each independently is selected from the group consisting of H, 
optionally substituted (Cl-C20)a]kyl, optionally substituted (Cl-C20)heteroalkjd, 
15 optionally substituted (C2-C20)a]kenyl, optionally substituted (C2.C20)heteroalkenyl, 
optionally substituted (C2-C20)a]kynyl, optionally substituted aryl, optionally substituted 
heteroaryl, optionally substituted arylalkyl, optionally substituted heteroarylalkyl, 
optionally substituted cycloalkyl, and optionally substituted cycloheteroalkyl; or together 
foim a 4-7 membered optionally substituted ring; 

20 R9 is selected from the group consisting of H, optionally substituted C1-C6 alkyl, 

optionally substituted C5-C8 aryl, aad optionally substituted C5-C8 heteroaryl, or together 
with R7 or Rs forms a 4-7 membered optionally substituted ring; 



Ri4 and R15 are independently selected from the group consisting of H, optionally 
substituted (Cl-C20)alkyl, optionally substituted (C2-C20)heteroalkyl optionally 

7 
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substituted (C2-C20)alkenyl. optionaUy substituted (C2-C20)heteroa]kenyl, optionaUy 
substituted (C2-C20)alkynyl, optionaUy substituted aryl, optionally substituted hetaraarjd, 
optionally substituted arylalkyl, optionally substituted heteroarylalkyl, optionally 
substituted cycloalkyl, and optionally substituted cycloheteroalkyi; or Rw and R15 together 
5 form an optionally substihited 4-7 membered heterocyclic or carbocyclic ring; 

wherein Yi and Y2 are independently selected fiom the group conasting H, -OH, 
0-alkyl, 0-acetyl, -O-aryl, 0C(0) Rio, -S Or Rio, and -NH Rio, or together form 0x0 
(=0), or hydroxylamino alkoxynnine or aryloxyimine, thioketo, wherein Rio is selected 
from H, optionally substituted (Cl-C20)alkyl, optionally substituted (Cl-C20)heteroalkyl, 
10 optionally substituted aryl and optionally substituted heteroaryl; 

or Yi or Y2 taken with R4 or R5 form an optionally substituted 5-7 membered 
heterocyclic or carbocyclic ring 

provided that, if Yi and Y2 are both H and X is NCRi4)( Ris) or -OR^ , then at least 
one of R4, R5, R<, Ri4, and R15 comprises a phosphorous moiety selected firam the group 
15 consisting of -OP(0)(ORi6)2 (phosphate), -CH2P(0)(0 Rieh (phosphonate), and - 

NP(0)(0 Ri6)2 (phosphoramide), wherem Rie is selected &om tiie group consisting of H, 
alkyl, heteroalkyl, alkenyl, heteroaJkenyl, alkynyl, heteroalkynyl, aryl and heteroaiyl. 

In some embodiments, X is further selected from -N(R9)-C(0) R7, -N(R9)-C(0)-0 
R7, -N(R9)-C(0)-N R7, -NCR9)-C(S) R7. -N(R9)-C(S)-0 R7, -N(R9)-C(S)-N R7, and 
20 N(Ri4)(Ri5). 

In some embodiments, X is further selected from from the groiq) consisting of 
optionally substituted (Cl-C20)alkyl, optionally substituted (Cl-C20)heteroalkyl, 
optionally substituted (C2-C20)alkenyl, optionally substituted (C2-C20)heteroalkenyl, 
optionally substituted (C2-C20)alkynyl, optionally substituted aryl, optionally substituted 

8 
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heteroaiyl, optionally substituted aiylalkyl, optionally substituted heteroarylalkyl, 
optionally substituted cycloalkyl, and optionally substituted cycloheteroalkyl. 

In some embodiments, X is -N(R,4)( Rjj), 
}n some embodiments, X is -N(R9)-C(0) R7. 

In some embodiments, the compound has a fonnula selected fiom the following 
group of foimulas: 
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In some embodiments, the compomid has a foraiula selected from the following 
groiq) of formulas: 




In some embodiments, the compomid has a fonnula selected from the following 
group of formulas: 




in some embodiments, X is -N0R9)-C(O)-OR7. 

hi some embodiments, the compound is selected from the gjcoxxp consisting of: 
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5 




some embodiments, the compound is selected from the group consisting of: 
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In some embodimeats, X is -O R^. 

la some embodiments, the confound has formula: 




In some embodiments, the compound has foimula: 

^ H ^ 




of formula QI) : 



In another aspect the conqwund features conqjounds 
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(H) 

or pharmaceutically acceptable salts thereof, wherein 

Ri and R2 are mdependently both H or together foim a bond; 

5 Ri ' and R2' are independently bofli H or together form a bond; 

R3 and R3* are independently selected j&om the group consisting of H and 
optionally substituted C1-C6 alkyl; 

R4 and R5 are independently selected from the group consisting of H, -OH, 0- 
alkyl, 0-acetyl, -O-aryl, 0C(0) Rio, -S O2- Rio, and -NH Rio, or together form 0x0 (=0), 
10 or hydroxylamino, alkoxyimine, or aryloxyimine, thioketo, wherein Rio is selected from 
H, optionally substituted (Cl-C20)alkyl, optionally substituted (Cl-C20)heteroalkyl, 
optionally substituted aryl; and optionally substituted heteroaryl; 

R4* and Rs* are independently selected from the group consisting of H, -OH, O- 
alkyl, 0-acetyl, -O-aryl, 0C(0) Rio, -S O2- Rio, and -NH Rio, or together form 0x0 (=0), 
15 or hydroxylamino, alkoxyimine, or aryloxyimine, thioketo, wherein Rio is selected from 
H, optionally substituted (Cl-C20)alkyl, optionally substituted (Cl-C20)heteroalkyl, 
optionally substituted aryl; and optionally substituted heteroaryl; 

R6 and R^' are independently selected from the group consisting of H, optionally 
substituted (Cl-C6)alkyl, optionally substituted (C5-C10)aryl, and optionally substituted 
20 (Cl"C6)acyl; 

19 
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X and X' are indq)endently selected from NRnRi2, -N(COK -N(Ri3K -NC(0)-C)- 
, -NC(SK -NC(0)N-, -NC(CH2)-, -NC(NH)-, optionaUy substituted alkyl, optionaUy 
substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl, optionally 
substituted heteroaryl, -O Rir, and -S Rn-; wherein Rn andRn are independently 
5 selected from optionally substituted (Cl-C20)alkyl, optionally substituted (C2- 
C20)alkenyl, optionally substituted (C2-C20)allcynyl, optionally substituted aryl, 
optionally substituted heteroaryl, optionally substituted arylalkyl, and optionally 
substituted cycloalkyl; and wherein R13 is selected from the group consisting of H, 
optionally substituted (Cl-C6)alkyl, optionally substituted (C5-C10)aryl, and optionally 
10 substituted (Cl-C6)acyl; and 

wherein Yi and Y2 are independently selected from the group consisting H, -OH, 
0-alkyl, 0-acetyl, -0-aryl, OC(0) Rio, -S O2- Rio, and -NH Rjo, or together form 0x0 
(=0), or hydroxylamino alkoxyimine or aryloxyimine, thioketo, wherein Rio is selected 
from H, optionally substituted (Cl-C20)alkyl, optionally substituted (Cl-C20)heteroalkyl, 
1 5 optionally substituted aiyl and optionally substituted heteroaryl; 

or Yi or Y2 taken with R4 or R5 form an optionally substituted 5-7 membered 
heterocyclic or carbocycUc ring; and 

the Linker is an optionally substituted 3-20 caibon atom chain having at least 1 
heteroatom moiety in the chain, wherein said heteroatom moiety is optionally selected 
20 from the group consisting of -N Re, -O, -S-, -P-, sulfone, sulfonate, phosphonate, 

phosphate, and -Y-C(0)-Q-C(0)-Y-, wherein Y is selected frcmi O, S, and N, and wherein 
Q is selected from optionally substituted alkyl, optionally substituted aryl, and optionally 
substituted heteroaryl; 

In some embodiments, the compound is ahomodimer. 



25 



In some embodiments, the compound is a heterodimer. 
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In some embodiments, the compoimd has a formula selected from the groxq) of 
fomiulas consisting of: 
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In some embodiments, the compound has a fomnila selected from the group of 
formulas consisting of: 




In some embodiments, the compound has a formula represented by formula: 




In another aspect, the invention features pharmaceutical compositions con^rising a 
compound according to any one of the preceding aspects or embodiments, and further 
comprising one or more members selected from the grovq) consisting of phannaceutically 
10 acceptable excipients, carriers, bulking agents, salts, water, and alcohol. 

In some embodimente, tiie composition is formulated for intravenous 
administration, and optionally disposed in a container member selected from tiie gmvp 
consisting of vials and syringes. 
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Iq some embodiments, the pharmaceutical composition is fonnulated for oral 
administration, and optionally disposed in a container member selected from the group 
consisting of gel capsules, tablets, bottles, vials, and inhalers. 

In another aspect, the invention features a method of treating or preventing a 
proliferative disorder that is sensitive to HSP90 inhibition, comprising contacting a cell 
characterized by or sought to be protected from a proliferative disorder sensitive to HSP90 
inhibition with a pharmaceutically effective amount of a compound according to any one 
of the preceding aspects or embodiments. 

In some embodiments, the cell is human and said proliferative disorder is selected 
from the group consisting of cancers and inflammatory disorders. 

In some embodiments, the cancer is a breast cancer characterized by high levels of 
HER-2 and wherein said method furfhCT comprises monitoring the amount of HER-2 as a 
measure of the treatment or prevention of said breast cancer. 

In some embodiments, the proliferative disorder is a genetically defined 
proliferative disorder characterized by a chromosomal aberration. 

In some embodiments, the proliferative disorder is viral, ftingal or bacterial- 
induced. 

In some embodiments, the proHferative disorder is rheumatoid arthritis. 

In another aspect, the invention features a synthetic scheme comprising the 
following steps: 
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O OH 




RCOC/, THF 
MS4A 



5c 5d 



(a) reducing a compound of foimula 5a to fonn a compound of foimula 5b; 

(b) reacting the compound of formula 5b with an alkyl or aryl caiboxyl halide or 
anhydride to form an amide conipound of fonnula 5c; and 

5 (c) oxidizing the amide compound of fonnula 5c to produce the compound of 

fonnula 5d; 

wherein R is R?, O R?, and N R? Rs from preceding aspects or embodiments. 

In another aspect, the invention features a synthetic scheme comprising the 
following steps: 

10 
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wherein R is optionally substituted (Cl-C20)alkyl, optionally substituted (Cl- 
C20)heteroalkyl, optionally substituted (C2-C20)alkenyl, optionally substituted (C2- 
C20)heteroalkenyl, optionally substituted (C2-C20)alkynyl, optionally substituted aryl, 
5 optionally substituted heteroaiyl, optionally substituted arylalkyl, optionally substituted 
heteroaiylalkjd, optionally substituted cycloalkyl, and optionally substituted 
cycloheteroalkyL 

In another aspect, the inventions feature ansamycins bound by ("derivatized with") 
TfO blocking groups. In some embodiments, the compound ansamycin is a benzoquinone 
10 ansamycin. In some embodiments, the ansamycin is derivatized with TfO at the 17 
position. In some embodiments, the ansamycin has formula: 
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In another aspect, the invmtion features a method of treating or preventing a 
fibrogenetic disorder, comprising contacting a cell characterized by or sought to be 
protected firom a fibrogenetic disorder a pharmaceutically effective amoimt of a compound 
5 * according to preceding aspects or embodiments. 

In another aspect, the invention features a method of treating or prevatiting 
oxidative-stress-induced cell death, comprising contacting a cell characterized by or 
sought to be protected fi:om oxidative-stress-iaduced cell death a pharmaceutically 
effective amount of a compound according to preceding aspects or embodiments. 

10 In another aspect, the invention features a method of treating or prevaiting a 

neurological injury, comprising contacting a cell characterized by or sought to be 
protected fiom a neurological injury a pharmaceutically effective amount of a compound 
according to preceding aspects or embodiments. 

In another aspect, the invention features a method of reducing neurological injury 
15 resulting fix)m cardiac arrest or stroke comprising administering to a patient suffering from 
cardiac arrest or stroke a composition comprising an effective amount of a compound 
according to preceding aspects or embodiments. 

In some embodiments of the preceding method aspects, the composition is 
administered within two hours of cardiac arrest or stroke. In some embodiments of the 
20 preceding method aspects, the composition is administered by intravenous infusion. In 
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some embodiments of the preceding method aspects, the composition is orally 
administered. 

In another aspect, the invention features an article of manufacture comprising a 
container; said container having a pharmaceutical composition conq)rising a compound 
5 according to preceding aspects or embodimentsand further comprising a label with 
instructions for use of said compound. 

In some aspects, the invention features a mefliod of treating or preventing 
infection, comprising contacting a cell that is ixifected or sought to be protected from 
infection with a phannaceutically effective amount of a benzoquinoid ansamycin. 

1 0 Insome aspects, the invention features a method of treating or preventing infection, 

comprising contacting a cell tiiat is infected or sought to be protected from infection with a 
. ^> pharmaceutically effective amoimt of a compound according to preceding aspects or 

embodiments. In some embodiments, the infection is caused by a virus selected from the . 
, group consisting of HIV, HTLV, HSV, HBV, HCV, ebola, retroviruses, rhinoviruses, 

15 hepatitis, VZV, HAV, CMV, adenovirus, influenza, flaviviruses, echovirus, coxsackie 
^ virus, comovirus, respiratory syncytial virus, mumps virus, rotavirus, measles virus, 
rubella virus, parvovims, vaccinia virus, dengue virus, papillomavirus, molluscum virus, 
poliovirus, rabies virus, JC vims, arboviral encephalitis virus, arenaviruses, bunyaviruses, 
coronaviruses, hepadnaviruses, Epstein-Bair virus, cytomegalovirus, flaviviruses, 

20 orthomyxoviruses, paramyxoviruses, picomoviruses, polyomaviruses, poTcviruses, 
reovirus, rhabdoviruses, rotaviruses, togaviruses, rabies, vesicular stomatitis, reovirus, 
vaccinia, measles virus, cytomegalovirus, sindbis virus, leukemia, polyoma virus, Rous 
sarcoma Virus (RS V), BK virus, JC virus, mouse mammary tumor virus (MMTV), 
alphavirus junction region, Varicella, adenovirus, herpes simplex type I (HSV-I), herpes 

25 simplex type U (HSV-IQ, rinderpest, rhinovirus, echovhus, rotavirus, respiratory syncytial 
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virus, papilloma virus, papova virus, cytomegalovirus, echinovirus, arbovirus, huntavirus, 
coxsackie virus, mumps virus, measles virus, mbella virus and polio virus. 

In some embodiments, the virus is selected from HIV, HSV, diinoviruses or 

ebola. 

5 In another dspect, the invention features treatment of HIV using compounds 

selected from the group: 




10 
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In some aspects ,the invention features amethod of treatment of HIV comprising 
a(hriimstering a phannaceutically eflfective amount of a compound selected from the group 
of: 




17-AAG 



DMAG 



Other aspects include pharmaceutical compositions comprising a compound 
according to any one of the preceding aspects or embodiments and further comprising one 
or more members selected from the group consisting of phannaceutically acceptable salts, 
excipients, carriers, bulking agents, water, and alcohol. The pharmaceutical composition 
1 0 can be formulated for any type of administration, e.g,, intravenous, oral, etc. and may be 
disposed in a container member such as a vial or syringe. 

In another aspect, the invention features methods of using the above compounds, 
e.g., to treat and/or prevent proliferative disorders that are reliant on HSP90 or otherwise 
sensitive to HSP90 inhibition. The methods include contacting a cell with an effective 
1 5 amount of a compoxmd according to any of the preceding structures and genuses. The cell 
can be any organism having an HSP90 of HSP90 analog that can be inhibited. The 
organism can be plant or animal, but is preferably animal, and more prefwably still 
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hmnan. The proliferative disorder is selected fixmi the group consisting of cancers, 
inflammatory disorders such as rheumatoid arOiritus, and bacterial, yeast, fungal, and viral 
infections (e.g., HIV, HSV, HBV, HCV, retroviruses, etc.). Bacterial, yeast, fungal and 
viral infections are collectively **pa1hogens.** In some prefored embodiments, the 
5 proliferative disorder is a breast cancer characterized by high levels of HER-2. In other 
embodiments, the proliferative disorder is a genetically defined proliferative disorder 
characterized by a chromosomal aberration. 

In other aspects, the invention features mettiods of treating and/or preventing 
fibrogenetic disorders including but not limited to scleroderma, polymyositis, systemic 
10 lupus, rheumatoid arthritis, liver cirrhosis, keloid formation, interstitial nephritis, and 
pulmonary fibrosis. 

In still other aspects, the invention features methods of treating and/or preventing 
oxidative-stress-induced cell death and neurological injury such as might occur fix)m 
cardiac arrest, stroke, and ischemia. 1 . The compositions may be administered at any time 

1 5 preceding or following oxidative-stress-induced cell death and neurological injury, 
preferably within 2 hours of such. The route of administration maybe any type. The 
methods can be **in vitro", e.g., contacting a cell line in culture, or else can be **in vivo'*, 
e.g. , contacting a cell or cells that are contained within or on a live multicellular organism. 
One type of in vivo administration is made **in situ", or directly to a specific cell or group 

20 of ceUs within an organism, intratumorally. '"Ex vivo" procedures are also envisioned 
wherein the cells aire first removed &om a patient, treated by contacting them with the 
compounds or conxpositions of the invention, and then admirustared back to a patient The 
compounds and compositions can be administered in a variety of ways, e.g,, intravenously, 
parenterally, orally, bucally, intramuscularly, sublingually, topically, by aerosol, 

25 subcutaneously, intramuscularly, intraperitoneally, rectally, vaginally, intratumorally, or 
peritumorally. 



32 



wo 03/066005 



PCT/US03/04283 



In still other aspects, the invention features articles of manufacture that include any 
of the compounds above that are packaged and optionally suppUed with labels and 
instructions for use. 

In another aspect, the invention features various synthetic schemes for producing 
compounds of the invention, as described in the examples. Although the schemes are 
illustrated using geldanamycin as starting ansamycin, it will be clear that other ansamydns 
can also be used as starting reagent. The ansamycin startmg reagents are preferably, 
although not necessarily, benzoquinone ansamycins. 

Each aspect of the invention may assume any embodiment consistent with any 
other aspect of the invention. 

Some specific species embodiments of the invention include compounds having 
the formulas depicted in tiie following table, some of which exhibit improved wato: 
solubility, some of which bode utility as prodrugs, and some of which bode both utilities: 



TABLE 1 



Compound # 


Formula 


133 


X O H 1 ^ 


207 


O^H N^,,^^xss^N>S 
MeO-^ J^_L^ Jn-OMe 
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208 


O^H ^ HO 


212 


MeO r'if'^N''''v^ 

Me0^:;^7YY^C)C0NH2 


232 




237 


0 H H Ho 


481 


^ HO 

0 H IJ 
J jrOMe 


482 


H Jl JL Jl ^ 

r fir N 

J Jp"OMe 
HO 1 1 OCONH2 
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514 


if*" H r 

HO I 1 DCONH2 


515 




529 


>L 0 H 1 l| 


530 




556 


0 H 1 U 
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687 


J--Q H T 

^HQ HjNOCQ ^ 


696 


o5q H2N0CQ S 


697 


F 

^JHQHjNOCq S 


709 


i^Q H T 
^HQ H2NOCQ ^ 


713 


9 H 0 HO 
fT^T N^Yi fir N'^s^ 
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723 


OHQ HjNOCQ S 


736 


J--0 H T 

<rHQ. H2NOCO ^ 


737 




748 


Br 0 


749 


1 H 9 

C^HQ H2NOCQ ^ 
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750 


O N X 

J--0 H T 
C^HQ H2NOCQ ^ 






760 




765 


0 0 

J--0 H T 
<^HQ H2NOCQ ^ 


766 


J--X H T 

C^HQ H2NOCQ ^ 


777 


H 0 

X- 0 H T 
<yHQ H2NOCQ ^ 
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822 


0 « 11 

C^HQ HjNOCQ ^ 




840 


H 0 


841 


111 V iT 


J o 








842 






846 


J--0 " T 

^HQ HgNOCQ ^ 
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981 






982 


f ][ H T 




983 




984 


I II H T 
1 MeO*1 


o 
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985 




996 






H S 


1011 




1012 




1013 
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' o" 


1026 


X 0 h\T) 0 

OH 








1046 


± 0 H 1 J 


1048 




1059 








1060 


° (II 
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1066 



1078 



1102 



1126 



1140 
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1143 


H 9 


1148 


^ J-* O H if 
<^HQ H2NOCQ ^ 


1149 


W A s 






1058 




1168 


oJq HjNOCQ S 
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1169 


J--0 H X 
r HQ HjNOCQ ^ 


1170 


0 H 11 
^HQ HjNOCQ ^ 


1171 


J— ^ H |l 

C^HQ H2NOCQ ^ 


1172 


0 H |l 
<Qiq HjNOCQ ^ 


1188 


C^HQ H2NOCO ^ 
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1236 



1237 



1238 



1239 



1252 
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O 














UL I 


1253 




0 J 
MeO 


0 M 1 J 



Depending on the specific aspect and/or embodiment, advantages realized by the 
invention include one or more of better aqueous solubility (which increases biological 
exposure in vivo and ease of formulation), prodrug utility (insofar as at least some of 
5 compounds and compositions described herein have the ability to release active drug 
substance in vivo), distinct biological profiles, and in^roved chemical stability. With 
regard to the latter, many of the compounds and compositions described herein exhibit 
longer half-lives in vivo as compared to previously described ansamycins, thus allowing 
for higher and/or more consistent drug concentrations in the blood and less frequent 
10 administratiQn. 

Other aspects, embodiments and advantages of the invention will be clear to one of 
ordinary skill in the art from the drawings, description and claims to follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows HIV replication inhibition using nanomolar quantities of 
15 ansamycins. 

Figure 2 shows a stability profile in mice for the water soluble dimer, Compound 
#208, administered orally, intravenously, and intraperitoneally. 

Figure 3 shows that Compound #237 blocks the growth of A549 xenografts in 

vivo. 
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Figure 4 shows the results of MDA435 tumor-bearing animals that received four 
courses of ther^y with vehicle or compounds of the inventioiL 

Figure 5 shows the efficacy of Compound#237 and Compound#563 in a SKOV-3 
ovarian xenograft model. 

Figure 6 shows the efficacy of Compound#237 and 17-AAG in a transplantable 
human breast cancer xenograft model 

DETAILED DESCRIFnON OF THE INVENTION 

Definitions: 

The tenn "carbon chain" means a plurality of carbon atoms covalently bonded to 
one another. The chain may be alkyl, alkenyl, alkynyl, aromatic, conjugated, branched, 
unbranched, substituted, cyclic, or combinations thereof etc. The carbon chain may also 
contain one or more heteroatoms, i.e., atoms other ttian carbon. 

A ••phannacwitically effective amount" means an amount which provides a 
Iherapeutic and/or prophylactic effect, which may be through inhibition of an HSP90. The 
specific dose of compound administered will, of course, be determined by the particular 
circumstances surrounding the case, including, for example, the specific compound 
administered, the route of administration, the condition being treated, and the individual 
being treated. A typical daily dose (administered in single or divided doses) will contain a 
dosage level of from about 0.01 mg/kg to about 50-100 mg/kg of body weight of an active 
compound of the invention. Prefenred daily doses generally will be fiom about 0.05 mg/kg 
to about 20 mg^g and ideally from about 0.1 mg/kg to about 10 mg/kg. Factors such as 
clearance rate, half-life, drug form (e.g., drags versus prodrags), and maximum tolerated 
dose (MTD) have yet to be determined but one of ordinary skill in the art can determine 
these using standard procedures. 
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In some embodiments, the preferred therapeutic effect is the inhibition, to some 
extrat, of the growth of cells characteristic of a proliferative disorder, e.g., breast cancer. 
A therapeutic effect will also normally, but need not, relieve to some extent one or more of 
the symptoms other than cell growth or size of cell mass. A therapeutic effect may 
5 include, for example, one or more of 1) a reduction in the number of cells; 2) a reduction 
in cell size; 3) inhibition (i.e., slowing to some extent, preferably stopping) of ceU 
infiltration into peripheral organs, e.g., in the instance of cancer metastasis; 3) inhibition 
(i.e., slowing to some extent, preferably stopping) of tumor metastasis; 4) inhibition, to 
• some extent, of cell growth; and/or 5) relieving to some extent one or more of the 
10 symptoms associated with the disorder. 

In the proliferative disorders targeted by the compounds of the invention, the 
HSP90 is preferably greater for normal cells than for cells exhibiting a proliferative 
disorder, e.g.^ breast cancer cells, and the amount administered is preferably sufiGcient to 
prevent or treat an afflicted cell more so than a nona£Qicted cell. 

15" By a "standard" is meant a positive or negative control. A negative control in the 

' context of HER-2 expression levels is, e.g., a sanople possessing an amount of HER-2 

protein that correlates with a normal cell A negative control may also include a sample 
" that contains no HER-2 protein. By contrast, a positive control does contain HER-2 
protein, preferably of an amoimt that correlates with overexpression as found in 
20 proliferative disorders, breast cancers.. The controls may be fit)m cell or tissue 

samples, or else contain purified ligand (or absent ligand), immobilized or ollierwise. In 
some embodiments, one or more of the controls may be in the form of a diagnostic 
"dipstick." 

By "selectively targeting" is meant affecting one type of cell to a greater extent 
25 than another, e.g. , in the case of cells witii high as opposed to relatively low or normal 
Her-2 levels, as in certain breast cancers. 
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A "pharmacological composition" refers to a mixture of one or more of the 
compounds described herein, or physiologicaUy acceptable salts thereof with other 
chemical components, such as physiologically acceptable carriers and/or excipients. The 
purpose of a pharmacological composition is to facilitate administration of a compound to 
5 an organism. 

'Tharmaceutically acceptable salts" of the compounds of the invention include 
those derived from phannaceutically acceptable inorganic and organic acids and bases. 
Examples of suitable acids include hydrochloric, hydrobromic, sulfuric, nitric, perchloric, 
fumaric, maleic, phosphoric, glycolic, gluconic, lactic, salicyUc, succinic, toluene-p- 

10 sulfonic, tartaric, acetic, citric, methanesulfonic, formic, benzoic, malonic, n^hthalene-2- 
sulfonic, benzenesulfonic, 1,2 ethanesulfonic acid (edisylate), galactosyl-d-gluconic acid, 
and the like. Other acids, such as oxalic add, while not themselves phannaceutically 
acceptable, may be employed in the preparation of salts useful as intermediates in 
obtaining the compounds of this invmticm and their phannaceutically acceptable acid 

15 addition salts. Salts derived from qspropriate bases include alkali metal (e.g'., sodium), 
alkaline earth metal (e,g., magnesium), ammonium and N-(C.sub.l-C.sub.4 : 
alkyl).sub.4.sup.+ salts, and the like. Illustrative examples of some of these include 
sodium hydroxide, potassium hydroxide, choline hydroxide, sodium carbonate, and title 
like. Where the claims recite '"a conaponnd (e.g., compound 'x') or phannaceutically 

20 acceptable salt thereof" and only the compound is displayed, those claims are to be 

interpreted as embracing, in the alternative or conjunctive, a phannaceutically acceptable 
salt or salts of such compound. 

A "physiologically acceptable earner** refers to a carrier or diluent that does not 
cause significant irritation to an organism and does not abrogate tihe biological activity and 
25 properties of the administered conQ)ound. 
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An "excipient" refers to an inert substance added to a pharmacological composition 
to further facilitate administration of a compound. Examples of excipients include but are 
not limited to calcium carbonate, calcium phosphate, various sugars and types of starch, 
cellulose derivatives, gelatin, vegetable oils and polyethylene glycols. 

5 The temi "alkyl," alone or in combination, refers to an optionally substituted 

straight-chain, optionally substituted branched-chain, or optionally substituted cycUc alkyl 
radical having from 1 to about 30 carbons, more preferably 1 to 12 carbons. Examples of 
alkyl radicals include methyl, etiiyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert- 
butyl, tert-amyl, pentyl, hexyl, heptyl, octyl and the like. The tenn "(^cloalkyl" embraces 
10 cyclic configurations, is subsumed within the definition of alkyl and specifically refers to a 
monocyclic, bicyclic, tricyclic, and higher multicyclic alkyl radicals wherein each cyclic 
moiety has &om 3 to about 8 carbon atoms. Examples of cycloalkyl radicals include 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. A 'lower alkyl" is a shorter 
alkyl, e.g.y one containing from 1 to about 6 caibon atoms. 

15 The term ''alkenyl," alone or in combination, refers to an optionally substituted 

straight-chain, optionally substituted branched-chain, or optionally substituted cyclic 
alkenyl hydrocarbon radical having one or more carbon-carbon double-bonds and having 
from 2 to about 30 carbon atoms, more preferably 2 to about 18 carbons. Exanq)les of 
alkenyl radicals include ethenyl, propenyl, butenyl, 1,4-butadienyl and the like. The term 

20 can also embrace cyclic alkenyl structures. A ^ower akenyl" refers to an alkenyl having 
from 2 to about 6 carbons. 

The term "alkynyl," alone or in combination, refers to an optionally substituted 
straight-chain, optionally substituted branched-chain, or cyclic alkynyl hydrocarbon 
radical having one or more carbon-carbon triple-bonds and having from 2 to about 30 
25 carbon atoms, more preferably 2 to about 12 carbon atoms. The term also includes 

optionally substituted straight-chain or optionally substituted branched-chain hydrocarbon 
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one 



radicals having one or more carbon-carbon triple bonds and having from 2 to about 6 
carbon atoms as well as those having from 2 to about 4 carbon atoms. Examples of 
alkynyl radicals include ethynyl, propynyi, butynyl and the like. 

The terms heteroalkyl, heteroalkenyl and heteroalkynyl include optionaUy 
substituted alkyl, alkenyl and alkynyl structures, as described above, and which have 
or more skeletal chain atoms selected from an atom other that carbon. e.g., oxygen, 
nitrogen, sulfrur, phosphorous or combinatirais thereof. 

The tenn "carbon chain" may embrace any alkyl, alkenyl, alkynyl, or heteroalkyl, 
heteroalkenyl, or heteroaJkynyi groiq), and maybe linear, cycKc, or any combination 
thereo£ If part of a linker and that linker comprises one or more rings as part of the core 
baddjone, for purposes of calculating chain length, the "chain" only includes fliose carbon 
atoms that compose the bottom or top of a given ring and not both, and where the top and 
bottom of the ring(s) are not equivalent in length, the shorter distance shall be used in 
determining chain length. If the chain contains heteroatoms as part of the backbone, those 
atoms are not calculated as part of the carbon chain lengtL 

The temi "alkoxy," alone or in combination, refers to an alkyl ether radical, alkyl- 
0-, wherein the term alkyl is defined as above. Examples of alkoxy radicals include 
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy 
and the like. 

The temi "aryloxy," alone or in comWnatioo. refers to an aryl ether radical wherem 
the term aryl is defined as below. Examples of aryloxy radicals include phenoxy, 
benzyloxy and the like. 

The temi "alkylthio," alone or in combination, refers to an alkyl thio radical, alkyl- 
S-, wherein the term alkyl is defined as above. 
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The term "arylthio," alone or in combination, refers to an aryl thio radical, aryl-S-, 
wherein the term aryl is defined as below. 

The term "oxo" refers to =0. 

The term "aryl,'' alone or in combination, refers to an optionally substituted 
5 aromatic ring system. The tsrm aryl includes monocyclic aromatic rings, polyaromatic 
rings and polycyclic aromatic ring systems containing from six to about twenty carbon 
atonas. The term aryl also includes monocycUc aromatic rings, polyaromatic rings and 
polycycUc ring systems containmg from 6 to about 12 carbon atoms, as well as those 
containing from 6 to about 10 carbon atoms. The polyaromatic and polycyclic aromatic 
10 rings systenfis may contain from two to four rings. Examples of aryl groups include, 
without limitation, phenyl, biphenyl, naphthyl and anthryl ring systems. 

The term *lieteroaryl" refers to optionally substituted aromatic ring systems 
containing from about five to about 20 skeletal ring atoms and having one or more 
heteroatoms such as, for example, oxygen, nitrogen, sulfiir, and phosphorus. The term 

15 heteroaryl also includes optionally substituted aromatic ring systems having from 5 to 
about 12 skeletal ring atoms, as well as those having from 5 to about 10 skeletal ring 
atoms. The term heteroaryl may include five- or six-membered heterocyclic rings, 
polycyclic heteroaromatic ring systems and polyheteroaromatic ring systems where the 
ring system has two, three or four rings. The terms heterocyclic, polycyclic 

20 heteroaromatic and polyheteroaromatic include ring systems containing optionally 
substituted heteroaromatic rings having more than one heteroatom as described above 
(e.g:, a six membered ring witfi two nitrogens), including polyheterocycUc ring systems of 
Scorn two to four rings. The term heteroaryl includes ring systems such as, for example, 
fiiranyl, benzofiaranyl, chromenyl, pyridyl, pyrrolyl, indolyl, quinolinyl, N-alkyl pyrrolyl, 

25 pyridyl-N-oxide, pyrimidoyl, pyrazinyl, imidazolyl, pyrazolyl, oxazolyl, benzothiophenyl, 
purinyl, indolizinyl, thienyl and the like. 
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The term "heteroaiylalkyl" refers to a C1-C4 alkyl gconp containing a heteroaryl 
groiq), each of which may be optionally substituted. 

The teem "heteroarjdthio" refers to the group -S-heteroaiyl. 

The term "acyloxy" refers to the ester group -OC(0>R, where R is H, alkyl, 
alkenyl, alkynyl, aryl, or arylalkyl, wherem the alkyl, alkenyl, alkynyl and arylalkyl 
grottps may be optionally substituted. 

The term "carboxy esters" refers to -C(0)OR where R is alkyl, aryl or arjlalkyl, 
wherein the alkyl, aryl and arylalkyl groups maybe optionally substituted. 

The term "caiboxamido" refers to 

O 

R-C-N— 
I 

R- 

where each of R and R' are indqiendently selected from the gcaap consisting of H, 
alkyl, ar3d and arylalkyl, wherein the alkyl, aryl and arylalkyl groups may be optionally 
substituted. 

The term "arylalkyl," alone or in combination, refers to an alkyl radical as defined 
above in which one H atom is replaced by an aryl radical as defined above, such as, for 
exan5>le, baizyl, 2-phenylethyl and tiie hke. 

The terms haloalkyl, haloalkenyl, haloalkynyl and haloalkoxy include alkyl, 
alkenyl, alkynyl and alkoxy structures, as described above, that are substituted with one or 
more flucames, chlorines, brranines or iodines, or with combinations thereof 
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The terms cycloalkyl, aryl, arylalkyi, heteroaryl, alkyl, alkynyl, alkenyl, haloalkyl 
and heteroalkyl include optionally substituted cycloalkyl, aryl, arylalkyi, heteroaryl, alkyl, 
alkynyl, alkenyl, haloalkyl and heteroalkyl groups. 

The term "carbocycle" includes optionally substituted, saturated or unsaturated, 
three- to eight-membered cyclic structures in which all of the skeletal atoms are carbon. 

The term *lieterocycle" includes optionally substituted, saturated or unsaturated, 
three- to eight-membered cyclic structures in which one or more skeletal atoms is oxygen, 
nitrogen, sulfur, phosphorus or combinations thereof. Illustrative examples include 
pyridine, pyran, thiophan, pyrrole, furan, thiophen, pentatomic and hexatomic lactam 
rings, and the like. 

The term *^embered ring" can embrace any cyclic structure, including 
carbocycles and heterocycles as described above. The term "^membered" is meant to 
denote the numbCT of skeletal atoms that constitute the ring. Thus, for example, pyridine, 
pyran, and thiophan are 6 membered rings and pyrrole, furan, and thiophen are 5 
membered rings. 

The term **acyl" includes alkyl, aryl, heteroaryl, arylalkyi or heteroarylalkyl 
substituents attached to a compound via a carbonyl functionality (e.g:, -CO-alkyl, -CO- 
aryl, 

-CO-arylalkyl or -CO-heteroarylalkyl, etc.). 

"Optionally substituted" groups maybe substituted or unsubstituted. The 

substituents of an "optionally substituted" group may include, without limitation, one or 

more substituents independently selected from the following groxrps or designated subsets 

thereof: alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, haloalkenyl, haloalkynyl, 

cycloalkyl, aryl, heteroaryl, arylalkyi, heteroarylalkyl, alkoxy, aryloxy, haloalkoxy, amino, 

alkylamino, dialkylamino, alkylthio, arylthio, heteroarylthio, oxo, carboxyesters, 
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carboxamido, acyloxy, H, F, CI, Br, I, CN, NO2, NH2, N3, NHCH3, N(CH3)2, SH, S CH3, 
OH, O CH3. OC F3, CH3, CF3, C(0) CH3, C O2 CH3. C O2H, C(0)NH2, , pyridinyi. 
thiophene, fiiranyl, indole, indazol, esters, amides, phosphonates, phosphates, 
phosphoramides, sulfonates, sulfetes, sulphonamides, carbamates, ureas, thiouieas, 
5 thioamides, thioalkyls. An optionally substituted grotq) may be unsubstituted (e.g., - CE2 
CH3), fully substituted (eg., -CF2C F3), monosubstituted (e.g., - CH2 CH2F) or substituted 
at a level anywhere in-between fully substituted and monosubstututed (e.g., - CH2C F3). 

The term "halogen" includes F, CI, Br and L 

The term *T)MAG" is an abbreviation for 17-dimethyiaminoethylamino-17- 
10 demeihaxygeldanamycin. 

Ansamydns, Their Preparation and Use 

Ansamycins indude a broad class of stractures characterized by aliphatic rings of 
various length and constitution bridgmg opposite ends of aromatic ring stractures and their 
reduced equivalents. Some more common ansamydns include, e.g., geldanamycin, the 

15 geldanamycin derivative 17-AAG, heibimycin A, and macbedn, many of which are 
described in U.S. Patents 3,595,955, 4,261,989, 5,387,584, and 5,932,566. Subsumed 
within the class of ansamycins is the sub-class, benzoquinone ansamycms. Benzoquinone 
ansamycins possess a benzoquinone as the aromatic ring structure. Ansamycins and 
benzoquinone ansamycins can be synthetic, naturally-occurring, or a combination of the 

20 two, i.e., semi-synthetic. Geldanamycin is commercially available, ag,, fiom CN 

Biosciences, an Afiffiate of Merck KGaA, Dannstadt, Gennany, and headquartered in San 
Diego, California, USA (cat. no. 345805) and many other ansamycins can be fashioned 
using geldanamycin as a starting reagent The biochemical purification of another 
ansamycin, 4,5-dihydrogeldanamycin and its hydroquinone, from cultures of Streptomyces 

25 hygroscopicus (ATCC 55256) is described in International AppUcation Number 

PCT/US92/10189, assigned to Pfizer Lie, published as WO 93/14215 on July 22, 1993, 
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and listing Cullen et al. as inventors; an alternative method of synthesis for 4,5- 
Dihydrogeldanamycin by catalytic hydrogenation of geldanamycin is also known. See 
e.g.. Progress in the Chemistry of Organic Natural Products, Chemistry of the Ansamycin 
Antibiotics, 33 1976, p. 278. 

5 Commonly-o'wned provisiooal j^jplications, Ser. Nos. 60/326,639 and 60/33 1 ,893, 

filed respectively September 24, 2001 and November 21, 2001, both entitled Chemical 
Process for Preparing 17-Allyl Amino Geldanamycin (17-AAG) and other Ansamycins 
and Ansamycin Derivatives relate to improved processes for preparing ansamycins, e.g., 
benzoquinone ansamycins and derivatives thereof e.g., 17-AGG and its 4,5 dihydro 

10 analog. The processes avoid time-consunaing and expensive work-i5>s associated with 
extractions and preparative chromatographic separations, while affording good purity and 
yield. Techniques of prq)aration include nucleqphilic attack of geldanamycin or its • 
dihydro equivalent in one or more volatile qnrotic solvents, e.g. , an ether or acetate, 
preferably nonhalogenated, and under conditions suitable for dissolving both reactants and 

15 product(8). The resulting product(s) is/are tiiCQ concentrated by evaporation, and to the 
concentrated product added a volatile protic solvent, e.g., a volatile alcohol and/or water, 
under conditions in which the volatile protic solvent either serves the purpose of a wash or 
a (re)crystalization media. Filtration, centrifugation, decanting, and/or evaporation may be 
used to aid either procedure. The resulting product(s) can be used directly or indirectly for 
20 a utility associated with ansamycins, e.g., as antibiotics or anti-cancer agents. In terms of 
indirect utility, the product(s) is/are useful, e.g., as an intermediate(s) ia flie synthesis of 
yet further ansamycin derivatives, e.g., those described in U.S. 5,932,566 and 
PCT/B94/00160 (WO 95/01342), issued to Schnur et al, and assigned to Pfizer Inc. 

Commonly-owned plication, Ser. No. 60/272,251, filed March 1, 2001, and 
25 entitled Methods for Treating Genetically Defined Proliferative Disorders with HSP90 
describes how ansamycin-induced loss of certain HSP90-dependent proteins leads to the 
selective disruption of certain regulatory pathways and results in growth anest at specific 
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phases of the cell cycle (Muise-Heimericks, R. C. et al, 1998, J. Biol. Chem. 273:29864- 
72), and apoptosis of cells so treated (Vasilevskaya, A. et aL, 1999, Cancer Res., 59:3935- 
40). This application further instructs how growth arrest can be made selective against 
cancers and other proliferative disorders that are caused by two differmt groups of 
5 aberrantly expressed proteins that have a dependence on HSP90. Within the first group 
are fusion proteins generated as a result of chromosomal aberrations (such as 
translocations, deletions and inversions) that juxtapose parts of the coding sequences of 
two normal cellular proteins (Rabbitts, T., 1994, Nature 372:143-149). Within the second 
groiq) are mutants and isofonns of cellular proteins that override, dominate, or otherwise 

10 obscure the natural geae products axid their function. For example, mutants and isofonns 
of p53 family proteins and other tumor suppressor gene products can act as dominant- 
negative inhibitors of the corresponding normal protein in heterozygous tumor cells • 
(Blagosklonny,M.,etal, 1995, Oncogene, 11:933-939). Other exan5>les include virally- 
encoded species of certain kinases, such as v-sro and other dominantly-acting mutant 

15 oncogene products (Uehara, Y. et aL, 1985, supra). 

Commonly-owned PCT ^pUcation PCT/USQ2/39993, filed December 12, 2002, 
esntitledAssco^forDeteminingHSPPO Binding Ac^ describes an assay for identifying 
and/or evaluating binding afSnity of HSP90 ligands, and demonstrates the existence and 
utility of high-aflHnity fonns of HSP90, e.g.,. such as exist in cancer cell lysates. In the 

20 assay, an HSP90 is contacted with a known HSP90 ligand, e.g,m ansamycin such as 
geldanamycin. The ansamycin ligand is 'labeled'* at the 17 position (the same position is 
derivatized in various aspects and embodiments of the instant invention) with 
biotin/streptavidin to permit detection of its binding with HSP90. During the assay, the 
labeled ansamycin's abihty to bind to, or remain bound to, HSP90, is potentially competed 

25 with by the co-presence of a compound of interest suspected of having, or being screened 
for, HSP90 binding ability. Binding abiUty and affinity of the compound of mterest is 
based on the amount of signal present by way of the competing ligand. Label is preferably 
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detected on a solid support, e.g., a multiwell dish or plate, which detection may be aided 
by the use of various coramercially available detection devices well known in the art^ 
Another, dijBferent assay is described by Chiosis et al. Chemistry and Biology 8:289-299 
(2001), but is cumbersome and time-consuming from the standpoint of requiring gels to be 
5 run, blotted, and probed with antibody. The Chiosis assay is further limited in its ability to 
conveniently support high-throughput screening. Either of the foregoing assays can be 
used to evaluate HSP90 binding (and by inference, HSP90 inhibition ability) of the 
compounds of the present invention. 

Memational patent application PCT/USOl/232640 (WO 0209696), filed July 27, 

10 2001, and entitled Methods for Treating CelUProliferative Diseases and Viral Infections, 
is also of background value to the present invention. Viruses targeted in various aspects of 
the present invention include all viruses, e.g., HIV, HTLV, HSV, HBV, HCV, ebola, 
retroviruses, rhinovirases, hepatitis, VZV, HAV, CMV, adenovirus, influenza, 
flaviviruses, echovirus, coxsackie virus, comovirus, respiratory syncytial virus, muntps 

15 virus, rotavirus, measles virus, rubella virus, parvovirus, vaccinia virus, dengue virus, 
pq)illomavirus, molluscum virus, poliovirus, rabies virus, JC virus, arboviral encephalitis 
virus, arenaviruses, bunyaviruses, coronaviruses, hepadnaviruses, Epstein-Barr virus, 

k cytomegalovirus, flaviviruses, orthomyxoviruses, paramyxoviruses, picomoviruses, 
polyomaviruses, poxviruses, reovirus, rhabdoviruses, rotaviruses, togaviruses, rabies, 

20 vesicular stomatitis, reovirus, vaccinia, measles virus, cytomegalovirus, sindbis virus, 
leukemia, polyoma virus, Rous sarcoma Virus (RSV), BK virus, JC virus, mouse 
mammary tumor virus (MMTV), alphavirus junction region, Varicella, adenovirus, herpes 
simplex type I (HSV-I), herpes simplex type II (HSV-H), rinderpest, rhinovirus, echovirus, 
rotavirus, respiratory syncytial virus, papilloma virus, papova virus, cytomegalovirus, 

25 echinovirus, arbovirus, hxmtavirus, coxsackie virus, mumps virus, measles virus, rubella 
virus and poUo virus. The foregoing may also have different strains and serotypes, all of 
which are contemplated in use with the invention. 
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WO 02/02123 (PCT /USOl/20578) filed 7/28/01 reports the use of geldanamycin 
and related compounds for prophylaxis and treatment of fibrogenetic disorders including 
but not limited to connective tissues diseases, such as scleroderma, polymyositis, systemic 
lupus, rheumatoid arthritis, liver cirrhosis, keloid formation, interstitial nephritis, and 
5 puhnonary fibrosis. 

WO 99-US7242, published 1/1/99, reports the use of benzoquinoid anasamycins, 
e.g,, GD, herbimycin A and macbecin for inhibiting oxidative-stress-induced cell death 
and treating injury from cardiac arrest and stroke. 

US Patent 6,210,974; issued 4/3/01; filed 4/7/99 reports compositions and methods 
10 for promoting nerve regeneration. 

US Patent Publication 2001/0038827 Al, published 1 1/8/01 and filed 12/30/97 
reports formulations and methods of use in treating neoplasms by inhalation. 

Within the scope of invention are ansamycin derivatives based both on naturally 
occurring ansamycin stractures, e.g., as isolated from Streptomyces kygoscopicus, and 
15 unnatural ansamyciD structures. An exanq)leofanaturaUy occurring geldanamycin 
ansamycin isolated fit>m Streptomyces hygoscopicus is shown below. 




Unnatural isomers of geldanamycin can also be synthesized in order to optimize 
biological, pharmacological and drag-hke properties. For example, the mverse 
20 configuration of the carbon-1 1 (C-1 1) can be achieved by first oxidizing the hydroxyl 
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group to a ketone group followed by stereoselective reduction to the hydroxyl. 
Alternatively, Mitsunobu conditions can be utilized to prepare the opposite C-1 1 hydroxyl 
configuration via the corresponding ester. Similarly, synthetic chemistry known to those 
in the art can be performed at C-6, C-7, and C-12 to obtain the inverse configurations at 
5 those centers. 

Mixtures of stereoisomers when present may also be separated into their individual 
stereoisomer components using well-known methods such as HPLC. Thus, while generic 
structures are indicated in the claims and description herein, it will be understood that such 
structures can embrace all stereoisomers, and various purities or combinations thereof. 
10 Some embodiments may feature a substantially pure (>about 95% purity) stereoisomer. 

Prodrugs 

Prodrugs contain a chemical moiety, eg., an amide or phosphorus group whose 
fimction is to endow enhanced solubility and/or stability to the attached dmg so that it can 
be effectively preserved/delivered to a host. Once in the body, the prodrug is typically 
...15 acted upon by an enzyme in vivo, an esterase, amidase, or phosphatase, to 

liberate/generate the more phaimacologically active drug. This activation may occur 
througih tibie action of an endogenous host enzyme or a non-endogenous enzyme that is 
administered to the host preceding, following, or during administration of the prodrug. An 
example of targeted cell delivery of enzymes by antibody ("ADH*T") is described in U.S. 

20 Pat. No. 4,975,278. Another example, "GDEPT," or gene dependent enzyme-prodrug 

iherspy is described by Melton, R. G. and Sherwood, R. E., J. Natl. Cancer hist. 88:153-65 
(1996). Prodrug use m general is further discussed, in U.S. Pat. No. 5,627,165, as 
well as in Pathak et ah, Enzymic protecting group techniques in organic synthesis, 
Stereosel. Biocatal. 775-797 (2000), and is otherwise well-known in the art, although not 

25 to Applicants' knowledge using the specific compounds and compositions claimed herein. 

Pharmaceutical Compositions/Formulations, Dosaging, and Modes of Admimstration 
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Those of ordinary skill in the art are familiar with formulation and administration 
techniques, e.g., as discussed in Goodman and Gihnan's The Pharmacological Basis of 
Therapeutics, current edition; PCTgamon Press; and Raningtorfs Pharmaceutical Sciences 
(current edition.) Mack PubUshing Co., Easton, Pa. These techniques can be employed in 
5 ^propriate aspects and embodiments of the invention. 

The compounds utilized in the mefliods of the instant invention may be 
administered either alone or in combination with pharmaceutically acceptable carriers, 
excipients or diluents, in a pharmaceutical composition, according to standard 
pharmaceutical practice. The compounds can be administo-ed orally or parenterally, 
10 including the intravenous, intramuscular, intr^eritoneal, subcutaneous, rectal and topical 
routes of administration. 

For example, the therapeutic or pharmaceutical compositions of the invention can 
be administered locally to the area in need of treatment. This may be achieved by, for 
example, but not limited to, local infusion during surgery, topical application, e.g., cream, 
15 ointment, injection, catheter, or implant, said implant made, e.g, out of a porous, non- 
porous, or gelatinous material, including membranes, such as sialastic membranes, or 
fibers. The administration can also be by direct injection at the site (or former site) of a' 
tumor or neoplastic or pre-neoplastic tissue. 

Still further, the therapeutic or pharmaceutical composition can be delivered in a 
20 vesicle, e.g., a liposome (see, for example, Langer, 1990, Science, 249:1527-1533; Treat et 
aly 1989, Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Bernstein 
and Fidler (eds.), Liss, N.Y., pp. 353-365). 

The pharmaceutical conopositions used in the methods of the present invention can 
be delivered in a controlled release system. In one embodiment, a pump may be used (see, 
25 Seflon, 1987, CRC Crit. Re£ Biomed. Eng. 14:201; Buchwald et al, 1980, Surgery, 

88:507; Saudek et aL, 1989, N. Engl. J. Med., 321:574). AdditionaUy, a controlled release 
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system can be placed in proximity of the therapeutic target (see, Goodson, 1984, Medical 
Applications of Controlled Release, Vol. 2, pp. 115-138). 

The pharmaceutical compositions used in flie methods of the instant invention can 
contain the active ingredient in a form suitable for oral use, for example, as tablets, 
5 troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, • 

emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral use 
may be prepared according to any method known to the art for the manufacture of 
pharmaceutical compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavoring agents, coloring agents 

10 and preserving agents in order to provide phaimaceutically elegant and palatable 
preparations. Tablets contain the active ingredient in admixture with non-toxic 
phaimaceutically acceptable excipients which are suitable for the manufecture of tablets. . 
These excipients may be, for example, inert diluents, such as calcium carbonate, sodium 
carbonate, lactose, calcium phosphate or sodium phosphate; granulating and disintegrating 

V5 agents, such as microcrystalline cellulose, sodium crosscannellose, com starch, or alginic 
acid; binding agents, for exanq)le starch, gelatin, polyvinyl-pyirolidone or acacia, and 
lubricating agents, for exanqjle, magnesium stearate, stearic acid or talc. The tablets may 
be uncoated or they may be coated by known techniques to mask the taste of the drug or 
delay disintegration and absorption in the gastrointestmal tract and thereby provide a 

20 sustained action over a longer period. For example, a water soluble taste masking material 
such as hydroxypropyhnethyl-cellulose or hydroxypropylcellulose, or a time delay 
material such as ethyl cellulose, or cellulose acetate butyrate may be employed. 

Formulations for wal use may also be presented as hard gelatin capsules wherein 
ttie active ingredient is mixed with an inert solid diluent, for cxmrplo, calcium carbonate, 
25 calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is 
mixed with water soluble carrier such as polyethyleneglycol or an oil medium, for 
example peanut oil, liquid paraflfin, or olive oil. 
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Aqueous suspensions can contain the active material in admixture with exdpients 
suitable for the manufacture of aqueous suspensions. Such excipients can act as 
suspending agents and include, sodium carboxymethylcellulose, methylcellulose, 
hydroxypropybnethyl-cellulose, sodium alginate, polyvinyl-pyrrolidone, g um tragacanth 
5 and gum acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, 
for example lecithin, or condensation products of an alkylene oxide with fetty adds, for 
example polyoxyethylene stearate, or condensation products of ethylene oxide with long 
chain aliphatic alcohols, for example heptadecaethylene-oxycetanol, or condensation 
products of ethylene oxide with partial esters derived from &tty adds and a hexitol such as 

10 polyoxyethylene sorbitol monooleate, or condensation products of eth)dene oxide with 
partial esters derived fix>m fatty adds and hexitol anhydrides, for exanq)le polyethylene 
sorbitan monooleate. The aqueous suspensions may also contain one or more 
preservatives, for example ethyl, or n-propyl p-hydroxybenzoate, one or more coloiing 
agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose, 

15 saccharin or aspartame. 

Oily suspensions may be foimulated by suspending the active ingredient in a 
vegetable oil, for exmxple arachis oil, olive oil, sesame oil or cocoimt oil, or in mineral oil 
such as liquid parafBn. The oily suspensions may contain a thickening agent, for example 
beeswax, hard parafBn or cetyl alcohol. Sweetening agents such as those set forth above, 
20 and flavoring agents may be added to provide a palatable oral preparation. These 
conq)ositions may be preserved by the addition of an anti-oxidant, e.g.^ butylated 
hydroxyanisol, alpha-tocopherol, or ascorbic add. 

Dispersible powders and granules suitable for preparation of an aqueous 
suspension by the addition of water provide the active ingredient in admixture with a 
25 dispersing or wetting agent, suspending agent and one or more preservatives. Suitable 
dispersing or wetting agents and suspending agents are exemplified by those already 
mentioned above. Additional excipients, for example sweetening, flavoring and coloring 
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agents, may also be present. These compositions may be preserved by the addition of anti- 
oxidant(s). 

The pharmaceutical contipositions used in the mefliods of the instant invention may 
also be in the fomi of oil-in-water emulsions. The oily phase may be a vegetable oil, for 
5 example olive oil or arachis oil, or a mineral oil, for example liquid paraffin or mixtures of 
these. Suitable emulsifying agents may be naturally-occurring phosphatides, for example 
soybean lecithin, and esters or partial esters derived firom fatty acids and hexitol 
anhydrides, for example sorbitan monooleate, and condensation products of the said 
partial esters with ethylene oxide, for example polyoxyethylene sorbitan monooleate. The 
10 emulsions may also contain sweetening, flavoring agents, preservatives and antioxidants. 

Syrups and elixirs maybe formulated with sweetening agents, for example 
glycerol, propylene glycol, sorbitol or sucrose. Such formulations may also contain a 
demulcent, a preservative, flavoring and coloring agents and antioxidant 

The pharmaceutical compositions may be in the form of a sterile injectable 
I S aqueous solutions. Among the acceptable vehicles and solvents that may be employed are 
water. Ringer's solution and isotonic sodium chloride solution. 

The sterile injectable preparation may also be a sterile injectable oil-in-water 
microemulsion wh^re the active ingredient is dissolved in the oily phase. For example, the 
active ingredient may be first dissolved in a mixture of soybean oil and lecithin. The oil 
20 solution then introduced into a water and glycerol mixture and processed to fomi a 
microemulsion. 

The injectable solutions or microemulsions may be introduced into a patient's 
blood-stream by local bolus injectioiL Alternatively, it may be advantageous to administer 
the solution or n^croemulsion in such a way as to maintain a constant circulating 
25 concentration of the instant compound. In order to maintain such a constant concentration, 
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a continuous intravenous delivery device may be utilized. An example of such a device is 
the Deltec CADD-PLUS™ model 5400 intravenous pump. 

The pharmaceutical conqjositions may be in the fonn of a sterile injectable 
aqueous or oleagenous suspension for intramuscular and subcutaneous administration. 
This suspension may be formulated according to the known art using those suitable 
dispersing or wetting agents and suspending agents which have been mentioned above. 
The sterile injectable preparation may also be a sterile injectable solution or suspension in 
a non-toxic parenterally-acceptable diluent or solvent, for example as a solution in 1,3- 
butane diol. In addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium. For this purpose any bland fixed oil may be enq)loyed including 
synthetic mono- or diglycerides. In addition, fetty adds such as oleic add find use in the 
preparation of injectables. 

The HSP90 inhibitors used in the metiiods of the present invention may also be 
administered in the form of suppositories for rectal administration of the drug. These 
compositions can be prepared by mixing the mhibitors with a suitable non-iiritating 
excipient which is solid at ordmaiy tenq)eratures but liquid at the rectal temperature and 
will therefore melt in the rectum to release tiie drug. Such materials include cocoa butter, 
glycerinated gelatin, hydrogenated vegetable oils, mixtures of polyefliylene glycols of 
various molecular weights and fetty add esters of polyethylene glycol. 

For topical use, creams, ointmoits, jellies, solutions or suspensions, etc., 
containing an HSP90 inhibitor can be used. As used herein, topical q>phcation can 
include mouth washes and gargles. 

The conq)ounds used in the methods of the present invention can be administered 
in intranasal form via topical use of suitable intranasal vehicles and delivery devices, or 
via transdermal routes, using those forms of transdermal skin patches weU known to those 
of ordinary skill in the art To be administered in the form of a transdemial delivery 

74 



wo 03/066005 



PCTAJS03/04283 



system, the dosage administration will, of course, be continuous rather than intermittent 
throughout the dosage regimen. 

The methods and compounds of the instant invention may also be used in 
conjunction with other well known therapeutic agents that are selected for their particular 
5 usefulness against the condition that is being treated. For example, the instant compounds 
may be useful in combination with known anti-cancer and cytotoxic agents. Further, the 
instant methods and compounds may also be useful in combination with other inhibitors of 
parts of the signaling pathway that links cell surface growth factor receptors to nuclear 
signals initiating cellular proliferation. 

10 The methods of the present invention may also be useful with other agents that 

inhibit angiogenesis and thereby inhibit the growth and invasiveness of tumor cells, 
including, but not limited to VEGF receptor inhibitors, including ribozymes and antisense 
targeted to VEGF receptors, angiostatin and endostatin. 

Examples of antineoplastic agents which can be used in combination with tiie 
15 methods of the present invention include, in general, alkylating agents, anti-metaboHtes; 
epidophyllotoxin; an antineoplastic enzyme; a topoisomerase inhibitor; procarbazine; 
mitoxantrone; platinum coordination complexes; biological response modifiers and growth 
inhibitors; hormonal/anti-hormonal therapeutic agents and haematopoietic growth factors. 

Exemplary classes of antineoplastic agents include, for example, the anfhracycline 
20 family of drugs, the vinca drugs, the mitomycins, the bleomycins, the cytotoxic 

nucleosides, the epothilones, discodermolide, the pteridine family of drugs, diynenes and 
the podophyllotoxins. Particularly usefiil members of those classes include, for example, 
carminomycin, daunorubicin, aminopterin, methotrexate, methopterin, 
dichlorometiiotrexate, mitomycin C, porfiromycin, 5-fluorouracil, 6-mercaptopurine, 
25 gemcitabine, cytosine arabinoside, podophyllotoxin or podo-phyllotoxin derivatives such 
as etoposide, etoposide phosphate or teniposide, melphalan, vinblastine, vincristine, 
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leurosidine, vindesine, leurosine, pacKtaxel and the like. Other usefia antineoplastic 
agents include estramustme, caiboplatin, cyclophosphamide, bleomycin, gemcitibine. 
ifosamide. melphalan, hexameliiyl melamine, thiotepa, cytaraWn, idatrexate, trimetrexate. 
dacarbazine, L-asparaginase, camptothedn, CPT-11, topotecan, aia-C, bicalntamide, 
flutamide, leiq)roKde, pyridobenzoindole derivatives, interferons and interleukins. 

When an HSP90 inhibitor used in the methods of the present invention is 
administered into a human subject, the daily dosage wiU normally be determined by the 
prescribing physician with the dosage generally varying according to the age, weight, and 
response of Hie individual patient, as weU as the severity of the patienf s symptoms. 

In one exemplary qjplication, a suitable amount of compound is administered to a 
mammal undergoing treatment for cancer, for example, breast cancer. Administration 
typically occurs in an amount of between about 0.01 mg/kg of body weight to about 100 
mg/kg of body weight per day (administered in single or divided doses), more preferably 
at least about 0.1 mg/kg of body weight per day. A particular therapeutic dosage can 
include, e.g., from about 0.01 mg to about 1000 mg of compoun4 and preferably includes, 
e.g., from about 1 mg to about 1000 mg. The quantity of active conqwund in a umt dose 
of preparation may be varied or adjusted from about 0.1 mg to 1000 mg, preferably from 
about 1 mg to 300 mg, more preferably 10 mg to 200 mg, according to the particular 
appUcation. The amount administered will vary depending on the particular IC50 value 
of the compound used and the judgmait of the attending clinician taking into 
consideration fectors such as health, weight, and age. 

Preferably the pharmaceutical preparation is in unit dosage form. M such fonn, the 
preparation is subdivided into unit doses containing ^piopriate quantities of the active 
component, e.^., an amount that is effective to achieve the desired purpose. 

The actual dosage employed may be varied depending upon the requirements of 
the patient and the severity of the condition being treated. Determination of the proper 
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dosage for a particular situation is within the skill of the art. Generally, treatment is 
initiated with smaller dosages which are less than the optimum dose of the compound. 
Thereafter, the dosage is increased by small amounts until the optimum effect under the 
circumstances is reached. For convenience, the total daily dosage may be divided and 
S administered in portions during the day if desired. 

The amoimt and frequency of administration of the compounds used in the 
methods of the present invention and, if applicable, other chemotherapeutic agents will be 
regulated according to the judgment of the attending clinician (physician) considering such 
factors as age, condition and size of the patient as well as severity of the disease being 
10 treated. 

In general, compounds of the invention and, in embodiments where combinational 
therapy is employed, other chemotherapeutic agents do not have to be administered in the 
^ same pharmaceutical composition, and may, because of different physical and chemical 

characteristics, have to be administered by different routes. The detennination of the mode 
IS of adnmustration and the advisabiUty of administration, where possible, in the same 
' pharmaceutical composition, is well within the knowledge of the skilled clinician. The 
r initial administration can be made according to established protocols known in the art, and 
then, based upon the observed effects, the dosage, modes of administration and times of 
administration can be modified by the skilled clinician. The particular choice of 
20 compounds used will depOTd irpon the diagnosis of the attending physicians and their 
judgment of the condition of the patient and the appropriate treatment protocol. The 
compounds maybe administered concurrentiy {e.g., simultaneously, essentially 
simultaneously or within the same treatment protocol) or sequentially, depending upon the 
nature of the proliferative disease, the condition of the patient, and the actual choice of 
25 compounds used. 
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The determination of the order of administration, and the number of repetitions of 
administration of each therapeutic agent during a treatment protocol, is well within the 
knowledge of the skilled physician after evaluation of the disease being treated and the 
condition of the patient. 

5 The attending clinician, in judging whether treatment is effective at the dosage 

administered, will consider the general well-being of the patient as well as more definite 
signs such as relief of disease-related symptoms, inhibition of tumor growth, actual 
shrinkage of the tumor, or inhibition of metastasis. Size of the tumor (in embodiments 
where a tumor is targeted) can be measured by standard methods such as radiological 
10 studies, e,g.^ CAT or MRI scan, and successive measurements can be used to judge 

whether or not growth of the tumor has been retarded or even reversed. Relief of disease- 
related symptomis such as pain, and improvement in overall condition can also be used to 
help judge effectiveness of treatment. 

Assays to Determine HSP90 Binding and Downstream Effect 
15 A variety of in vitro and in vivo assays are available to test the effect of the 

conspounds of the invention on HSP90. HSP90 competitive binding assays and functional 
assays can be performed as known in the art substituting in the compounds of the 
invention. Chiosis et al^ Chemistry & Biology 8:289-299 (2001), describe some of the 
known ways in which this can be done. For example, conopetition binding assays using, 
20 e.g., geldanamycin or 17-AAG as a competitive binding inhibitor of HSP90 can be used to 
determine relative HSP90 affinity of the compounds of the invention by immobilizing the 
compound of interest or other competitive inhibitor on a gel or solid matrix, preincubatmg 
HSP90 with the other inhibitor, passmg the preincubated mix over the gel or matrix, and 
then measuring the amount of HSP90 that sticks or does not stick to the gel or matrix. 

25 Downstream effects can also be evaluated based on the known effect of HSP90 

inhibition on fimction and stability of various steroid receptors and signaling proteins 
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including, .e.g., Rafl and Her2. HSP90 inhibitors induce dose-dependent degradation of 
these molecules, which can be measured using standard techniques. Inhibition of HSP90 
also results in up-regulation of HSP90 and related chaperone proteins tiiat can similarly be 
measured. AntiproUferative activity on various cancer cell lines can also be measured, as 
5 can morphological and functional differentiation related to HSP90 inhibition. For 
example, the 

Many different types of methods are known in the art for determining protein 
concentrations and measuring or predicting the level of proteins within cells and in fluid 
samples. Indirect techniques include nucleic acid hybridization and amplification using, 

10 polymerase chain reaction (PGR). These techniques are known to flie person of skill 

and are discussed, e.g., in Sambrook, Fritsch & Maniatis, Molecular Clomng: A 
Laboratory Manual, Second Edition (1989) Cold Spring Harbor Laboratory Press, Cold 
Spring Harfjor, N.Y,, Ausubel, et aL, Current Protocols in Molecular Biology, John Wiley 
& Sons, NY, 1994, and, as specifically applied to the quantification, detection, and relative 

15 activity of Her-2/neu in patient samples, e.g., in U.S. Patents 4,699,877, 4,918,162, 

4,968,603, and 5,846,749. A brief discussion of two generic techniques that can be used 
follows. 

The determination of whether cells overexpress or contain elevated levels of HER- 
2 can be determined using well known antibody techniques such as immunoblotting, 

20 radioimmunoassays, westmi blotting, immunoprecipitation, enzyme-linked 

immunosorbant assays (ELISA), and derivative techniques that make use of antibodies 
directed against HER-2. As an example, HER-2 expression in breast cancer cells can be 
deteimined with the use of an immunohistochenucal assay, such as the Dako Hercep™ test 
(Dako Corp., Carpinteria, CA). The Hercep™ test is an antibody staining assay designed 

25 to detect HER-2 overexpression in tumor tissue specimens. This particular assay grades 
HER-2 expression into four levels: 0, 1, 2, and 3, with level 3 representing the highest 
level of HER-2 expression. Accurate quantitation can be enhanced by employing an 
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Automated CeUular Lnagmg System (ACIS) as described, e.g., by Press, M, et al , 2000, 
Modem Pathology 13:225A 

Antibodies, polyclonal or monoclonal, can be purchased from a variety of 
commercial suppliers, or maybe manufactured usmg well-known methods, e.g., as 
desCTibed in Harlow et al. Antibodies: A Laboratory Manual, 2nd Ed; Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y. (1988). 

HER-2 overexpression can also be determined at the nucleic acid level since there 
is a reported high correlation between ovesrejqpression of the HER-2 protem and 
amplification ofthegKie that codes &r it Oneway to test this is by using RT-PCR. The 
genomic and cDNA sequences for HER-2 are known. Specific DNA primers can be 
generated using standard, well-known techniques, and can then be used to amplify 
template akeady present in the ceU. An example of this is described in Kurokawa, H et al. 
Cancer Res. 60: 5887-5894 (2000), (which describes illustrative forward and reverse 
primer DNA sequences that can be used in the PCR 5'. PCR can be standardized such that 
quantitative differences are observed as between normal and abnormal cells, e.g., 
cancerous and noncancerous cells. Well-known mefliods employing, e.g., densitometry, 
can be used to quantitate and/or con^are nucleic add levels anq)lified using PGR. 

Shnikrly, fluorescent in situ hybridization (FISH) assays and other assays can be 
used, e.g., Northan and/or Southern blotting. These rely on nucleic acid hybridization 
between the HER-2 gene or mRNA and a correspondmg nucleic acid probe that can be 
designed in the same or a similar way as for PCR primers, above. See, e.g., Mitchell MS, 
and Press MF., 1999, Semm. OncoL, Suppl. 12:108-16." For FISH, this nucleic acid probe 
can be conjugated to a fluorescent molecule, e.g., fluorescein and/or rhodamine, that 
preferably does not interfere with hybridization, and which fluorescence can later be 
measured following hybridization. See, e.g., Kurokawa, H et al. Cancer Res. 60: 5887- 
5894 (2000) (desaibing a nucleic acid probe having sequence a specific DNA sequence 
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flanked on the 5' end by FAM and on the 3' end by TAMRA-p. ACIS-based approaches as 
described above can be employed to make the assay more quantitative (de la Toire-Bueno, 
J, et al , 2000, Modem Pathology 13:221 A). 

Immuno and nucleic acid detection can also be directed against proteins other than 
5 HSP90 and Her-2, which proteins are nevertheless affected in response to HSP90 
inhibition. 

Hardware Usefiol in Perfonning Various Aspects of the Inyention 

Compounds of the invention can be encapsulated in containers, e.g., vials, 
syringes, etc. for storage and/or administration to a patient. Such containers are well- 
10 known in the art and may be light-resistant to prevent Ught-induced oxidation/decay of the 
compounds of the invention. 

Various hardware may also be useful to evaluate the synthesis, purity, and/or 
biological or in vitro effect of the compounds of the invention, e.g., spectrophotometers, 
mass spectroscopy machines, densitometers, NMR devices, scintillation counters, HPLC 
15 apparati and other chromatographic equipment, etc. These items are all well-known in 
the art and can be routiaely employed without undue experimentation in furtherance of 
appropriate aspects and embodiments of the invention. 

The following examples are offered by way of illustration only and are not 
intended to be limiting of the full scope and spirit of the invention. 

20 EXAMPLES 

The following compounds were all produced from ansamycin substrates isolated 
from Streptomyces hygoscopicus, 

Dimers 
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The following general synthetic scheme is applicable to Examples 1-5 and 
describes the synthesis of water-soluble dimers of geldanamycin and geldanamydn 
analogs. Dimers created according to the scheme have potencies similar to 17-amino 
geldanamycin but exhibit a relatively longer half-life in vivo and have salts that afford 
5 greater water-solubility for aqueous formulation. Thus, these compounds can be &xpected 
to require relatively less frequent administration and to afford more consistent relative 
blood level concentrations when administered to patients. 




10 1» lb ic 

Example 1: Preparation of Compound #208 
3,3'-diammo-N-mefliyldipiop3danmie (1.32g, P.lmmol) was added dropwise to a 
solution of Geldanamycin (lOg, 17.83nmiol) in DMSO (20Qml) in a flame-dried flask 
under N2 and stiired at room temperature. The reaction mixture was diluted with water 

15 after 12 hours. Apredpitate was formed and fQtered to give the crade product. The crude 
product was chiomatogr^phed by silica chromatography (5% CH30H/CH2a2) to afford 
the desired dimer as a purple solid (8.92g, 7.2mmol). Yield: 81%; mp ISS^C (dec.); 'h 
NMR (CDQa) 8 0.95 (d, J = 7 Hz, 6H, 2CH3), 1.00 (d, J = 7 Hz, 6H, 2CH3), 1.69 (m, 4 H, 
2 CH2), 1.74 (m, 4 H, 2CH2), 1.76 (s, 6 H. 2 CH3), 1.83 (m, 2H, 2CH), 2.00 (s, 6H, 2CH3), 

20 2.30 (s. 3H, N-CH3), 2.36 (dd, J = 14Hz, 2H, 2CH), 2.50 (m, 4H, 2CH2), 2.63 (d, 2H, 

2CH), 2.75 (m, 2H, 2CH), 3.25 (s, 6H, 2OCH3), 3.35(s, 6H, 2OCH3), 3.40 (m, 2H, 2CH), 
3.50 (m, 4H, 2CH2), 3.68 (m, 2H, 2CH), 4.20 (Bs, 2H, OH), 4.30 ( d. J = 10 Hz, 2H, 
2CH), 4.80 (Bs, 4H, 2NH2), 5.19 (s. 2H, 2CH). 5.82 (t. J = 15 Hz. 2H. 2CH=), 5.89 (d, J = 
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10 Hz, 2H, 2CH=), 6.59 ( t, J = 15 Hz, 2H, 2CH=), 6.92 (d, J = 10 Hz, 2H, 2CH=), 7.13 (t, 
2H, 2NH ), 724 (s, 2H, 2CH=), 9.21 (s, 2H, 2NH); MS (m/z) 1203 (M+H). 

The corresponding HCl salt was prepared by the following method: an HCl 
solution m EtOH (5 ml, 0.123N) was added to a solution of compound #208 (1 gm as 
5 prepared above) in THDF (1 5 ml) and EtOH (50 ml) at room temperature. The reaction 
mixture was stirred for 10 min. The salt was precipitated, fUtered and washed with large 
amount of EtOH and dried in vacuo. 

Example 2: Preparation of Compound #237 
Compound #237 was prepared by the same method described in example 1 except 
10 that 3,3'-diamino-dipropylamine was used instead of 3,3'-diamino-N- 

methyldipropylamine. The pure purple product was obtained after flash chromatography 
(silica gel); yield: 93%; mp 165^C; NMR (CDCI3) 6 0.97 (d, J = 6.6 Hz, 6H, 2CH3), 1.0 
(d, J = 6.6 Hz, 6H, 2CH3), 1 .72 (m, 4 H, 2 CH2), 1.78 (m, 4 H, 2CH2), 1.80 (s, 6 H, 2 
CH3), 1.85 (m, 2H, 2CH), 2.0 (s, 6H, 2CH3), 2.4 (dd, J = llHz, 2H, 2CH), 2.67 (d, J = 15 
15 Hz, 2H, 2CH), 2.63 (t, J = 10 HZ, 2H, 2CH), 2.78 (t, J - 6.5 Hz, 4H, 2CH2), 3.26 (s, 6H, 
^ 2OCH3), 3.38 (s, 6H, 2OCH3), 3.40 (m, 2H, 2CH), 3.60 (m, 4H, 2CH2), 3.75 (m, 2H, 
2CH), 4.60 ( d, J = 10 Hz, 2H, 2CH), 4.65 (Bs, 2H, 20H), 4.80 (Bs, 4H, 2NH2), 5.19 (s, 
2H,2CH),5.83(t,J=15Hz,2H,2CH=), 5.89(d, J = 10Hz,2H,2CH=),6.58(t, J=15 
Hz, 2H, 2CH=), 6.94 (d, J = 10 Hz, 2H, 2CH=), 7.17 (m, 2H, 2NH ), 7.24 (s, 2H, 2CH=), 
20 9.20 (s, 2H, 2NH); MS (m/z)1189 (M+H); The corresponding HCl salt was prepared by 
the same procedure as described in example 1 . 

Example 3: Preparation of Compound #207 

Compound #207 was prepared by the same method described in example 1 except 
that 1,4-bis (3-aminopropyl) piperazine was used instead of 3,3'-diamino-N- 
25 mefhyldipropylamine. The pure purple product was obtained after colunm 

chromatography (silica gel); yield: 90%; mp 162°C; ^H NMR (CDCI3) 6 0.97 (d, J = 6.6 
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Hz, 6H, 2CH3), 1.00 (d, J = 6.6 Hz, 6H, 2CH3), 1.73 (m, 4 H, 2 CH2), 1.78 (m, 4 H, 
2CH2). 1.80 (s, 6 H, 2 CH3), 1.85 (m. 2H, ICS), 2.00 (s. 6H, 2CH3), 2.40 (dd, J = llHz, 
2H. 2CH), 2.55 (m, 8H, 4CH2), 2.67 (d, J = 15 Hz. 2H, 2CH), 2.63 (t, J = 10 HZ, 2H, 
2CH). 2.78 (t, J = 6.5 Hz, 4H, 2CH2), 3.26 (s. 6H, 2OCH3), 3.38 (s, 6H. 2OCH3), 3.40 (m, 

5 2H. 2CH), 3.60 (m, 4H, 2CH2). 3.75 (m, 2H, 2CH), 4.60 ( d, J = 10 Hz, 2H, 2CH), 4.65 
(Bs, ZH, 20H), 4.80 (Bs, 4H, 2NH2), 5.19 (s, 2H, CH), 5.83 (t, J = 15 Hz, 2H, 2CH=), 
5.89 (d, J 10 Hz, 2H. 2CH=). 6.58 ( t, J = 15 Hz. 2H, 2CH=), 6.94 (d, J = 10 Hz, 2H, 
2CH=), 7.24 (s, 2H, 2CH=), 7.60 (m, 2H, 2NH), 9.20 (s. 2H, 2NH); MS (m/z) 1258 
(M+H); The corresponding HQ salt was prepared by the same procedure as described in 

10 exanqple 1. 

Example 4: Preparation of Compound #487 
C<Hiq>oimd #487 was prepared by the same mefliod described in example 1 except 
that N, N-bis (3-aminopiop3^-13-propane diamine was used instead of 3,3'-diamino-N- 
methjddipropylamine. The pure purple product was obtained after alica gel flash 

15 chromatogr^hy; yield: 90%; mplSS^C (dec); *H NMR (CDQs) 6 0.97 (d, J = 6.6 Hz, 
6H, 2CH3), 1.00 (d, J = 6.6 Hz, 6H, 2CH3). 1.72 (m, 4 H, 2 CH2), 1.78 (m, 4H, 2C3I2), 
1.80 (s, 6 H, 2 CH3), 1.82 (m, 2H, CH2), 1.85 (m, 2H, 2CH). 2.00 (s, 6H, 2CH3), 2.02 (m, 
4H, 2CH2), 2.40 (dd, J = 1 IHz, 2H, 2CH), 2.67 (d, J = 15 Hz, 2H, 2CH), 2.63 (t, J = 10 
HZ, 2H, 2CH), 2.78 (t, J = 6.5 Hz, 4H, 2CH2), 3.26 (s, 6H, 2OCH3), 3.38 (s, 6H, 2OCH3), 

20 3.40 (m, 2H, 2CH), 3.60 (m, 4H, 2CH2), 3.75 (m, 2H, 2CH), 4.60 ( d, J = 10 Hz, 2H, 

2CH), 4.65 (Bs, 2H, 20H), 4.80 (Bs, 4H, 2NH2), 5.19 (s, 2H, CH), 5.83 (t, J = 15 Hz, 2H, 
2CH=), 5.89 (d, J = 10 Hz, 2H, 2CH=), 6.58 ( t, J = 15 Hz, 2H, 2CH=), 6.94 (d, J = 10 Hz, 
2H, 2CH=), 7.29 (s, 2H, 2CH=), 7.62 (bs. 2H, 2NH), 9.20 (s. 2H. 2NH); MS (m/z)1246 
(M+H). The corresponding HQ salt was prepared by the same procedure as desaribed in 

25 example 1. 

Example 5: Preparation of Compound #483 
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Compomid #483 was prepared by the same method described in example 1 except 
that 2,2'-diamino-N-methyldiethyllamme was used instead of 3,3'-diamino-N- 
methyldipropylamine. The pure purple product was obtained after flash chromatography; 
yield: 90%; mp 161-163 °C; NMR (CDCh) 5 0.95 (d, J = 7 Hz, 6H, 2CH3), 1 .00 (d, J = 
5 7 Hz, 6H, 2CH3), 1.85 (m, 4 H, 2CH2), 1.75 (s, 6 H, 2 CH3), 1.80 (m, 2H, 2CH), 2,00 (s, 
6H, 2CH3), 2.30 (s, 3H, N-CH3), 2.30 (dd, J = MHz, 2H, 2CH), 2.50 (m, 4H, 2CH2), 2.63 
(d, 2H, 2CH), 2.75 (m, 2H, 2CH), 3.25 (s, 6H, 2OCH3), 3.35 (s, 6H, 2OCH3), 3.40 (m, 2H, 
2CH), 3.50 (m, 4H, 2CH2), 3.68 (m, 2H, 2CH), 4.20 (Bs, 2H, OH), 4.30 (d, J = 10 Hz, 2H, 
2CH), 4.80 (Bs, 4H, 2NH2), 5.19 (s, 2H, 2CH), 5.82 (t, J = 15 Hz, 2H, 2CH=), 5.90 (d, J = 
10 10 Hz, 2H, 2CH=), 6.59 ( t, J = 15 Hz, 2H, 2CH=), 6.92 (d, J = 10 Hz, 2H, 2CH=), 7.13 (t, 
2H, 2NH ), 7.24 (s, 2H, 2CH=), 9.20 (s, 2H, 2NH); MS (m/z)1175 (M+H); ); The 
corresponding HCl salt was prepared by the same procedure as described in example 1 . 

Prodrugs of 17-AG 

The following compounds can be metabolically degraded to 17-amino 
15 geldanamycin (17-AG), which is one of the most potent geldanamycin derivatives known. 
Although 1 7-AG exhibits poor solubiUty, these water-soluble prodrugs are much more 
soluble and increase the bioavailability of the highly biologically active 17-AG. These 
compounds can be administered by oral or intravenous routes. One synthesis embodiment 
for such a prodrug may be depicted as follows: 




2a 2b 2c 

Example 6: Preparation of Compound #481 
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To 200 mg (0.357 mmol) of geldanamycin in 8 ml of dry THF in a flame-dried 
flask was added 91.6 mg (0.714 mmol) of N-propyl-l,4-diamino-2-biitaie drop-wise 
imder nitrogen. The reaction mixture was stirred at room temperature for 4 h at which 
time TLC analysis indicated the reaction was complete. The solvent was removed by 
5 rotary ev^oration and the cmde material was chromatographed (5% CH3OH/CH2CI2 to 
15% CH3OH/CH2CI2) to afford the desired conrpound as a purple solid (150 mg, 0.228 
mmol); yield: 64%; mpl31 **C; NMR (CDCI3) 5 0.97 (m, 9H, SCHs), 1.52 (m, 2H, 
CH2), 1.72 (m, 3H, CH + CH2), 1.80 (s, 3 H, CH3), 2.0 (s, 3H, CH3), 2.38 (dd, J = llHz, 
IH, CH), 2.72 (m, 4H, 2CH, CH2), 3.26(s, 3H, OCH3), 3.38(s, 3H, OCH3), 3.46 (m, H, 
10 CH), 3.6 (m, H, CH), 4.18(m, 4H, 2CH2), 4.34( d, J = 10 Hz, IH, CH), 4.8(Bs, 2H, NH2), 
5.19(s, IH, CH), 5.88(m,4H, 4CH=), 6.38 (m, IH, NH ), 6.61( t, J = 15 Hz, IH, CH-), 
6.94 (d, J = 10 Hz, IH, CH=), 7.30(s, H, CH=), 9.16(s, H, NH); MS (m/z)658 (M+H). 
The corresponding HCl salt was prepared by the same procedure as described in example 
1. 

15 Water soluble geldanamycin derivatives 

The following synthetic scheme may be used to generate water-soluble analogs of 
geldanamycin. The creation of two such analogs is illustrated in more detail in Examples 
7 and 8. Salts of these compounds afford improved aqueous formulation and hence 
intravenous administration, lessening the need for other formulation ingredients. Such 
20 compounds can also be administered orally in tablet or capsule form. 



86 



wo 03/066005 



PCT/US03/04283 




3d 



Example 7: Preparation of Compound #480 
, , To 500 mg (0.0.89 mmol) of geldanamycin in 300 ml of dry THF in a flame-dried 
flask was added 66 mg (0.75 mmol) of 1,4-diamino-butane drop-wise imder nitrogen. The 
reaction mixture was stiired at room temperature for 48 h at which time TLC analysis 
indicated the reaction was complete. The solvent was removed by rotary evaporation and 
the cmde material was chromatographed (5% CH3OH/CH2CI2 to 15% CH3OH/CH2CI2) to 
afford the desired compomid as a purple solid (450 mg, 0.73 mmol); yield: 97%; mp 
171^C; NMR (CDCI3) 5 0.97 (d, J = 6.6 Hz, 3H, CH3), 1.00 (d, J = 6.6 Hz, 3H, CH3), 
1.72 (m, 6 H, 3 CH2), 1.80 (s, 3 H, CH3), 1.85 (m, IH, CH), 2.0 (s, 3H, CH3), 2.40 (dd, J = 
1 IHz, IH, CH), 2.67 (d, J - 15 Hz, IH, CH), 2.63 (t, J = 10 HZ, IH, CH), 2.78 (t, J = 6.5 
Hz, 2H, CH2), 3.26 (s, 3H, OCH3), 3.38 (s, 3H, OCH3), 3.40 (m, IH, CH), 3.60 (m, 2H, 
CH2), 3.75 (m, IH, CH), 4.60 ( d, J = 10 Hz, IH, CH), 4.65 (Bs, IH, OH), 4.80 (Bs, 2H, 
NH2), 5.19 (s, IH, CH), 5.83 (1, J - 15 Hz, IH, CH=), 5.89 (d, J = 10 Hz, IH, CH=), 6.45 
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(m, IH. NH). 6.58 ( t, J = 15 Hz. IH. CH=), 6.94 (d, J = 10 Hz, IH, CH=). 7.24 (s, IH, 
CH=), 9.20 (s, IH, NH), MS (m/z) 618 (M+H). 

Example 8: Preparation of Compoond #482 
To 35 mg (0.057 mmol) of Compound #480 in 8 ml of dry THF in a Same-dried 
flask was added 21.5 mg (0.12 mmol) of diethylchlorophosphate and 12.6 mg (0.12 mmol) 
of triethylamine. The reaction mixture was stirred at room temperature for 0.5 h at which 
time TLC analysis indicated the reaction was complete. The solvent was removed by 
rotary ev^oration and the crude material was chromatographed (5% CH30H/CH2a2) to 
afford the desired compound as a purple soUd (38 mg, 0.05 mmol); yield: 89%; inp 94.8- 
962X; NMR (CDCI3) 5 0.97 (d. J = 6.6 Hz, 3H, CH3), 1.00 (d, 1 = 6.6 Hz, 3H, CH3). 
1.35 (t, J = 8Hz, 6H, 2CH3). 1.72 (m. 6 H, 3 CH2). 1.80 (s, 3 H, CH3). 1.85 (m, IH. CH), 
2.00 (s. 3H, CH3), 2.40 (dd, J = 1 IHz, IH, CH), 2.67 (d, J = 15 Hz. IH, CH), 2.63 (t, J = 
10 HZ, IH, CH), 2.78 (t. J = 6.5 Hz. 2H, CH2). 3.26 (s. 3H. OCH3), 338 (s. 3H, OCH3). 
3.40 (m, IH, CH), 3.60 (m, 2H. CH2), 3.75 (m. IH, CH), 4.06 (m. 4H, 2CH2), 4.60 ( d, J = 
10 Hz, IH, CH), 4.65 (Bs, IH, OH), 4.80 (Bs, 2H, NHj). 5.19 (s. IH, CH), 5.83 (t. J = 15 
Hz. IH, CH=), 5.89 (d. J = 10 Hz, IH, CH=). 6.45 (m, IH, NH), 6.58 ( t, J = 15 Hz, IH. 
CH=), 6.94 (d, J = 10 Hz, IH, CH=.), 7.24 (s, IH. CH=), 9.20 (s, IH, NHIH, CH=); lylS 
(m/z)776(M+Na); 

Exanqiles 9-13 : THERE ARE NONE 

The foUowing general synthetic schemes are appUcable to Examples 14-16 
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RCOCI 
THF,MS4A 




5c 



5d 



Synthesis of compound 5d of the present invention typically includes some or all 
of the following steps. 17-aminogeldanamycin 5a is first reduced into the corresponding 
dihydroquinone of formula 5b, which then reacts cleanly wifli alkyl or aryl carboxyl 
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chlorides to give the amides of fonmila 5c. Compoimd 5c is allowed to air oxidize in 
methanol to afford the final compomid 5dL 

Example 14: Preparation of Compound #513 
A solution of 17-aminogeldanamycin (1 rmnol) in EtOAc was treated with 
5 Na2S204 (0. 1 M, 300 ml) at RT. After 2 h, the aqueous layer was extracted twice with 
EtOAc and the combined organic layers were dried over Na2S04, concentrated under 
reduced pressure to give 18^1-dihydro-17-anunogeldanamycin as a brown solid. This 
latter was dissolved in anhydrous CH2CI2 under nitrogen atmosphere and to the resulting 
solution were added EfN(i-Pr)2 (1 .5 mmol) and AC2O (L2 mmol) at 0*'C. After 2 h at RT, 

10 the reaction mixture was diluted with EtOAc, washed with sat NaHCOa, and dried over 
Na2S04 overnight under air atmosphere. After filtration and removal of the solvent under 
reduced pressure, the crude product was purified by flash chromatography to give 17- 
acetylaminogeldanamycin as a yellow solid. Rf - 0.46 in 80:15:5 CH2CI2: EtOAc: MeOH. 
*H NMR (CDQa) 5 0.91 (d, 3H), 0.95 (d, 3H), 1.68-1.73 (m, 3H), 1.78 (d, 3H), 2.03 (s, 

15 3H), 2.24 (s, 3H), 2.46 (dd, IH), 2.56 (dd, IH), 2.74-2.79 (m, IH), 3.32 (s, 3H), 3.34 (s, 
3H), 3.31-3.34 (m, IH), 3.43-3.47 (m, IH), 4.31 (d, IH), 5.16 (s, IH), 5.75 (d, IH), 5.91 
(t, IH), 6.59 (t, IH), 6.92 (d, IH), 7.44 (s, IH), 7.73 (s, IH), 8.72 (s, IH). 

Example 15: Preparation of Compound #514 
A solution of 17-aminogeldanamycin (1 mmol) in EtOAc was treated with 
20 Na2S204 (0.1 M, 300 ml) at RT. After 2 h, the aqueous layer was extracted twice wifli 
EtOAc and the combined organic layers were dried over Na2S04, concentrated under 
reduce pressure to give 18,21-dihydro-17-aminogeldanamycin as a brown solid. This latter 
compound was dissolved in anhydrous CH2CI2 under nitrogen atmosphere and to the 
resulting solution were added EtN(/-Pr)2 (1.5 mmol) and (CH3CH2CO)20 (1.2 iranol) at 
25 0°C. After 2 h at RT, the reaction mixture was diluted with EtOAc, washed with sat. 

NaHCOs, dried over Na2S04 overnight under air atmosphere. After filtration and removal 
of the solvent xmder reduce pressure, the crude was purified by flash chromatography to 
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give 17-propanoylaminogeldanatnycm as a yellow solid. Rf = 0.47 in 80:15:5 CH2CI2: 
EtOAc: MeOH. NMR (CDCb) 5 0.90 (d, 3H), 0.96 (d, 3H), L25 (t, 3H), 1.65-1.75 (m, 
3H), 1.78 (d, 3H), 2.03 (s, 3H), 2.45-2.51 (m, 3H), 2.55-2.59 (m, IH), 2.74-2.78 (m, IH), 
3.32 (s, 3H), 3.34 (s, 3H), 3.31-3.34 (m, IH), 3.43-3.46 (m, IH), 4.31 (d, IH), 5.16 (s, 
5 IH), 5.76 (d, IH), 5.91 (t, IH), 6.57 (t, IH), 6.92 (d, IH), 7.45 (s, IH), 7.73 (s, IH), 8.72 
(s, IH). 

Example 16: Preparation of Compound #495 
A solution of 17-aminogeldanamycin (1 xnmol) in EtOAc was treated with 
Na2S204 (0.1 M, 300 ml) at RT. After 2 h, the aqueous layer was extracted twice with 

10 EtOAc and the combined organic layers were dried over 18,21-dihydro-17- 

aminogeldanamycin as a brown solid. This latter compound was dissolved in anhydrous 
THF under nitrogen atmosphere and to the resultmg solution was added allylisocyanate 
(1.2 mmol) at RT. After Ih, the solvent was removed under reduce pressure whereby the 
■ residue was dissolved in MeOH and stirred over night in presence of silica. After 

15 filtration, the solvent was removed under reduce pressure and the residue was purified by 
flash chromatography to give l-allyl-3-(17-geldanamycinyl)-urea as a brick red solid. Rf = 
0.38 in 80:15:5 CHzQa: EtOAc: MeOH. ^H NMR (CDCI3) 5 0.92 (d, 3H), 0.95 (d, 3H), 
1.61-1.72 (m, 3H), 1.78 (d, 3H), 2.03 (s, 3H), 2.55 (br d, 2H), 2.74-2.78 (m, IH), 3.31 (s, 
3H), 3.34 (s, 3H), 3.31-3.34 (m, IH), 3.90 (br s, 2H), 4.31 (d, IH), 5.16 (s, IH), 5.20-5.29 

20 (m, 3H), 5.79 (d, IH), 5.84-5.94 (m, 2H), 6.57 (t, IH), 6.92 (d, IH), 7.28 (s, IH), 7.41 (s, 
IH), 8.79 (s, IH). 

Example 17: Preparation of Compound #529 
A solution of 17-aminogeldanamycin (1 mmol) in EtOAc was treated with 
Na2S204 (0. 1 M, 300 ml) at RT. After 2 h, the aqueous layer was extracted twice with 
25 EtOAc and the combined organic layers were dried over Na2S04, concentrated under 
reduce pressure to give 18,21-dihydro-17-aminogeldanamycin as a yellow solid. This 
latter was dissolved in anhydrous THF and transferred via caimula to a mixture of 
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picolinoyl chloride (1.1 mmol) and MS4A (1 .2 g). Two hours later, EflSr(i-Pr)2 (2.5 mmol) 
was further added to the reaction mixture. After ovemight stilting, the reaction mixture 
was filtered and concentrated under reduce pressure. Water was then added to the residue 
which was extracted with EtOAc three times, the combined organic layers were dried over 
S Na2S04 and concentrated under reduce pressure to give the crude product which was 
purified by flash chromatography to give 17-picolinoyl-amiiiogeldanamycin as a yellow 
solid. Rf = 0.52 in 80:15:5 CH2a2: EtOAc: MeOH. Mp = 195-19T'C. *H NMR (CDQs) 5 
0.91 (d, 3H), 0.96 (d. 3H), 1.71-1.73 (m, 2H). 1.75-1.79 (m, 4H), 2.04 (s, 3H), 2.70-2.72 
(m, 2H), 2.74-2.80 (m, IH), 3.33-3.35 (m, 7H), 3.46-3.49 (m, IH). 4.33 (d, IH), 5.18 (s, 
10 IH), 5.77 (d, IH), 5.91 (t, IH), 6.57 (t, IH), 6.94 (d, IH), 7.51-7.56 (m, 2H), 7.91 (dt, IH), 
8.23 (d, IH), 8.69-8.70 (m, IH), 8.75(s, IH), 10.51 (s, IH). 

Example 18: Preparation of Conq>oimd #530 
Synthesis of 17-isonicotinoyl-aminogeldanamycin. This product was prepared 
according to the procedure described for Compound #529 (Exanq)le 17) except that 
15 isonicotino}^ chloride was used instead of picolinoyl chloride. Rf= 0.44 in 80:15:5 
CH2CI2: EtOAc: MeOH. Mp = 167-169°C. *H NMR (CDaa) 6 0.94-0.96 (m, 6H), 1.69 
(hr s, 2H), 1.83 (br s, 3H), 2.04 (s, 3H), 2.34 (br s, IH), 2.54 (dd, IH), 2.63 (dd, IH), 
2.77-2.81 (m, IH), 3.31-3.34 (m, 7H), 3.44 (brs, IH), 4.33 (d, IH), 5.16 (s, IH), 5.73 (d, 
IH), 5.93 (t, IH), 6.57 (t, IH), 6.94 (d, IH), 7.51 (s, IH), 7.76 (d, 2H), 8.53 (s, IH), 8.76 
20 (s, IH), 8.86 (dd, 2H). 

Example 19: Preparation of Componnd #557 

Synthesis of 17-(4-methyl-1^3-tl]iadiazole-5-carbonyl-aniino)-geldanamycin. 
This product was prepared according to the procedure described for Compound #529 
(Exan^le 17) except that 4-methyl-l,2,3-thiadiazole-5-carboxoyl chloride was used 
25 instead of picolinoyl chloride. Rf = 0.35 in 80:15:5 CH2CI2: EtOAc: MeOH. Mp = 157- 
159°C. 'HNMR (CDCI3) 8 0.94 (d, 3H), 0.96 (d, 3H), 1.66-1.69 (m, 2H), 1.78 (br s, 3H), 

1.83-1.85 (m, IH), 2.04 (s, 3H), 2.49 (dd, IH), 2.58 (dd, IH), 2.76-2.81 (m, IH), 3.00 (s, 
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3H), 3.29-3.34 (m, 7H). 3.39-3.44 (m, IH), 4.32 (d, IH), 5.12 (s, IH), 5.70 (d, IH). 5.93 
(t, IH), 6.56 (t, IH). 6.93 (d, IH). 7.50 (s. IH), 8.29 (s, IH), 8.76 (s, IH). 

Example 20: Preparation of Compound #558 
Synthesis of 17-(3,5-dimethyl-isoxazol-4-carbonyl-amino)-geldanamycm. This 
5 product was prepared according to the procedure described for Compound #529 (Example 
17) except that 3,5-dimethyl-isoxazol-4-carboxoyl chloride was used instead of A 
picolinoyl chloride. Rf = 0.35 in 80:15:5 CHjCli: EtOAc: MeOH. Mp = 190-192»C. 
NMR (GDQs) 5 0.94 (t, 6H), 1.70 (br s, 2H), 1.74-1.79 (m, 4H), 2.04 (s, 3H), 2.46 (dd, 
IH), 2.51 (s, 3H). 2.61 (dd, IH), 2.70 (s, 3H), 2.75-2.80 (m, IH), 3.28-3.39 (m, 7H), 3.45 
10 (br d, IH), 4.32 (d. IH), 5.15 (s, IH), 5.74 (d, IH), 5.92 (t, IH), 6.57 (t, IH), 6.93 (d, IH),. 
7.49 (s, IH), 8.04 (s, IH), 8.77 (s. IH). 

Example 21: Preparation of Componnd #559 
Synthesis of 17-(5-methyl-2-phenyl-2H-l,23-triazole-4-caibonyl-amino)- 
geldanamycin. This product was prqpared according to the inocedure described for 

15 Compound #529 ^xan^le 17) except that 5-methyi-2-phen3d-2H-l,2,3-triazole-4- 

carboxoyl chloride was used instead of picolinoyl chloride. Rf = 0.44 in 80:15:5 CH2CI2: 
EtOAc: MeOH. Mp = 230-232°C. *H NMR (CDQs) 5 0.95 (d, 3H), 0.96 (d, 3H), 1.73 (br 
s, 2H), 1.79 (br s, 4H), 2.04 (s, 3H), 2.62-2.72 (m, 5H), 2.76-2.80 (m, IH), 328-3.35 (m, 
7H), 3.45-3.49 (m, IH), 4.33 (d, IH), 5.17 (s. IH), 5.76 (d, IH), 5.93 (t. IH), 6.57 (t, IH), 

20 6.94 (d, IH), 7.40-7.44 (m, IH), 7.50-7.54 (m, 3H), 8.10-8.12 (m, 2H), 8.75 (s, IH), 
9.23(s, IH). 

Example 22: Preparation of Compoimd #560 
Synthesis of 17-(l,3-dimethyl-lH-pyrazole-5-carbonyl-amino)-geldanamycin. 
This product was prepared according to the procedure described for Compound #529 
25 (Example 17) except that l,3-dimethyl-lH-pyrazole-5-carboxoyl chloride was used 

instead of picolinoyl chloride. Rf = 0.30 in 80:15:5 CH2CI2: EtOAc: MeOH. Mp = 193- 
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195°C. ^HNMR (CDCI3) 6 0.93 (d, 3H), 0.95 (d, 3H), 1.69 (br s, 2H), 1.79 (br s, 4H), 
2.04 (s, 3H), 2.31 (s, 3H), 2.51 (dd, IH), 2.62 (dd, IH), 2.75-2.80 (m, IH), 3.28-3.39 (m, 
7H), 3.43-3.45 (m, IH), 4.12 (s, 3H), 4.32 (d, IH), 5.16 (s, IH), 5.74 (d, IH), 5.92 (t, IH), 
6.56 (s, IH), 6.57 (t, IH), 6.93 (d, IH), 7.49 (s, IH), 8.29 (s, IH), 8.75 (s, IH). 

5 Example 23 : Preparation of Compound #561 

Synthesis of 17-(l-t-butyl-3-methyl-lH-pyrazole-5-carbonyl-amino)- 
geldanamycin. This product was prepared according to the procedure described for 
Compound #529 (Example 17) except that l-t-butyl-3-meth)4-lH-pyrazole-5-carboxoyl 
chloride was used instead of picolinoyl chloride. Rf = 0.37 in 80:15:5 CH2CI2: EtOAc: 
10 MeOH. Mp = 216-218°C. ^H NMR (CDCI3) 5 0.95 (t, 6H), 1.68 (s, 9H), 1.71 (br s, 2H), 
1.79 (br s, 4H), 2.04 (s, 3H), 2.29 (s, 3H), 2.50 (dd, IH), 2.66 (dd, IH), 2.75-2.80 (m, 
IH), 3.27-3.39 (m, 7H), 3.45-3.47 (m. IH), 4.32 (d, IH), 5.16 (s, IH), 5.75 (d, IH), 5.91 
(t, IH), 6.47 (s, IH), 6.57 (t, IH), 6.93 (d, IH), 7.48 (s, IH), 8.17 (s, IH), 8.74 (s, IH). 

Example 24: Preparation of Compound #562 
15 Synthesis of 17-(3-t-biityl-l-methyl-lH-pyrazole-5-carbonyl-amino)- 

geldanamydn. This product was prq)ared according to the procedure desciibed for 
Compound #529 (Example 17) except that 3-t-butyl-l-mefhyl-lH-pyrazole-5-carboxoyl 
chloride was used instead of picolinoyl chloride. Rf = 0.30 in 80:15:5 CH2CI2: EtOAc: 
MeOH. ^H NMR (CDCI3) S 0.95 (t, 6H), 1.33 (s, 9H), 1.69 (br s, 2H), 1.79 (br s, 4H), 2.04 
20 (s, 3H), 2.52 (dd, IH), 2.63 (dd, IH), 2.75-2.80 (m, IH), 3.28-3.39 (m, 7H), 3.44-3.46 (m, 
IH), 4.13 (s, 3H), 4.33 (d, IH), 5.16 (s, IH), 5.745 (d, IH), 5.92 (t, IH), 6.57 (t, IH), 6.59 
(s, IH), 6.94 (d, IH), 7.50 (s, IH), 8.31 (s, IH), 8.76 (s, IH). 

Example 25: Preparation of Compound #563 
Synthesis of 1 7-(benzoyl)-aniinogeldanamycin. This product was prepared 
25 according to the procedure described for Compound #529 (Example 1 7) except, that 
benzoyl chloride was used instead of picolmoyl chloride. Rf = 0.50 in 80:15:5 CH2Ci2: 
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EtOAc: MeOH. Mp = 21 8-220°C. NMR (CDQa) 5 0.94 (t, 6H), 1.70 (br s, 2H), 1.79 
(br s. 4H), 2.03 (s, 3H), 2.56 (dd, IH), 2.64 (dd, IH), 2.76-2.79 (m, IH). 3.33 (br s, 7H), 
3.44-3.46 (m, IH), 4.325 (d, IH), 5.16 (s, IH), 5.77 (d, IH), 5.91 (t, IH), 6.57 (t, IH), 6.94 
(d, IH), 7.48 (s, IH), 7.52 (t, 2H), 7.62 (t, IH), 7.91 (d, 2H), 8.47 (s, IH), 8.77 (s, IH). 

5 Exan^ile 26: Preparation of Compomid ^15 

Synthesis of 17-(4-fIuorc>-benzyl)-3-(17-geldanamycmyl)-urea. This product was 
prepared according to the procedure described for Compound #495 OBxample 16), except 
that 4-fluoro-bezylisocyanate was used instead of allylisocyanate. Rf= 0.42 in 80:15:5 
CH2a2: EtOAc: MeOH. =» 175-177*C. *H NMR (CDCI3) 5 0.93 (m, 6H), 1.68 (br s, 
10 2H), 1.77 (br s, 4H), 2.02 (s, 3H), 2.50-2.55 (m, 2H), 2.74-2.78 (m, IH), 3.31 (s, 3H), 3.33 
(s, 3H), 3.29-3.32 (m, IH), 3.40-3.43 (m, IH), 4.30 (d, IH), 4.41 (d, 2H), 5.14 (s, IH), 
5.75 (m, 2H), 5.89 (t, IH), 6.56 (t, IH), 6.91 (d, IH), 7.01-7.05 (m, 2H), 7.28-7.31 (m. 
2H), 7.37-7.39 (m, 2H), 8.78 (s, IH). 

Exan^le 27: Preparation of Compound #484 

J5 Compound 484 was prepared by the same method described in example 1 excqpt 

that 2,2'thiobis(ethylamine) was used instead of 3,3*-diamino-N-methyldipropylanmie. 
The pure purple product was obtained after column chromatogn5)hy (silica gel); yield: 
89%; mp 151.2-152.9 **C; ^H NMR (CDCI3) 6 0.86 (d, J = 7 Hz, 6H, 2CH3), 1.00 (d, J = 7 
Hz, 6H, 2CH3), 1.60 (m, 4 H, 2 CH2), 1.64 (ro, 4 H, 2CH2), 1.72 (m, 2H, 2CH), 1.79 (s, 6 

20 H, 2 CHS), 2.00 (s. 6H, 2CH3), 2.36 (dd, J = 14Hz, 2H, 2CH), 2.63 (4 2H, 2CH), 3.25 (s, 
6H, 20CH3), 3.35 (s, 6H, 20CH3), 3.40 (m, 2H. 2CH), 3.70 (m, 2H, 2CH), 3.80 (m, 4H, 
2CH2), 4.20 (Bs, 2H, OH), 4.30 (d, J = 10 Hz, 2H, 2CH), 4.80 (Bs, 4H, 2NH2), 5.19 (s, 
2H, 2CH), 5.82 (t. J = 15 Hz, 2H, 2CH=), 5.89 (d, J = 10 Hz, 2H, 2CH=), 6.49 (t, 2H, 2NH 
), 6.59 ( t, J = 15 Hz, 2H, 2CH=), 6.92 (d, J = 10 Hz, 2H, 2CH=), 7.24 (s, 2H, 2CH=), 

25 9.21 (s, 2H, 2NH); MS (m/z)1220 (M+Na); 



95 



wo 03/066005 



PCTAJS03/04283 



Example 28: Preparation of Compound #486 

Compound 486 was prepared by the same method described in exanq)le 1 except 
that 4,9-dioxa-l,12-dodecanediamine was used instead of 33*-diamino-N- 
methyldipropylamine. The pure pmple product was obtained after column 
5 chromatogr^hy (silica gel); yield: 90%; mp 136.6-137.9 "C; NMR (CDCI3) 5 0.97 (d, 
J = 6.6 Hz, 6H, 2CH3), 1.00 (d, J = 6.6 Hz. 6H. 2CH3), 1.72 (m, 2H. 2 CH), 1.78 (m, 8H, 
4CH2), 1.80 (s, 6 H, 2 CH3), 1.85 (m, 4H, 2CH2), 2.00 (s. 6H, 2CH3), 2.40 (dd, J = llHz, 
2H. 2CH), 2.67 (d, J = 15 Hz, 2H, 2CH), 2.63 (t. J = 10 HZ, 2H. 2CH), 3.26 (s, 6H, 
20CH3), 3.38 (s, 6H. 20CH3). 3.40 (m, 6H, 2CH+2CH2), 3.60 (m, 6H, 2CH+2CH2). 
10 3.75 (m, 4H, 2CH2), 4.60 ( d, J = 10 Hz, 2H. 2CH). 4.65 (Bs. 2H, 20H), 4.80 (Bs, 4H- 
2NH2), 5.19 (s. 2H, 2CH), 5.83 (t. J = 15 Hz, 2H, 2CH=), 5.89 (d, J = 10 Hz, 2H, W), 
6.58 ( t, J = 15 Hz, 2H, 2CH=), 6.94 (d, J = 10 Hz, 2H, 2CH=). 724 (s. 2H, 2CH=), 9.20 ' 
(s, 2H, 2Nir); MS (m/z)1284 (M+Na). 

The following schematic pertains to Sample 29: 



15 



20 




556 

Example 29: Preparation of Compound #556 
A 50 ml RBF equipped with a stir bar was charged with 200 mg A in 5 ml 
anhydrous THF and then the flaskflushedwithnitrogen. After cooling to 0»C, 15 mg 
NaH (60% dispersion in mineral oil) was added, and the reaction stirred for 15 minutes. 
34 Hi of POCI3 was added to the reaction mixture, and the reaction removed fiom the 
bath. After sthring at room temperature for 16 hours, a small amount of H2O was added. 
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All the solvent and water was removed under high vacuum, and flie resulting solid purified 
by preparative TLC (90/10 Acetone/H20 Rf 0.1) to afford 18 mg (8% yield) of 556 as a 
puiple solid. 

The following schematic applies to Examples 30-33: 




Synthesis of compounds IV of the present invention typically includes some or all 
of the following steps. In the presence of barium hydroxide, geldanamydn I is first 
hydrolyzed into 17-hydroxy-geldanamycin of formula II, which reacts quantitatively with 
triflic anhydride to give the triflate of formula TSL Under optimized SuzuM conditions, this 
latter leads with moderate yield to the 17-aryl-geldanamycins of formula IV. CFor 
synthetic overview, see D. A. Neel etaL Bioorg. Med. Chem. Lett 8: 47-50, 1998). 

Example 30: Preparation of 17-OTf-geldanamycin 
To a purple solution of I7-hydroxy-geldanamycm (1 mmol) and (i-Pr)2NEt (2 
mmol) in CH2C12 at 0°C was added dropwise the triflic anhydride (1.3 mmol). After 30 
min, the reaction mixture was concentrated under reduce pressure. The crude material was 
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10 



15 



20 



25 



tiien purified by flash chromatography to give 17-OTf-geldaaamycm as a yeUow soKd: Ff 
= 0.28 in 80:15:5 CH2a2: EtOAc: MeOR 'H NMR (CDCI3, 500 MHz) 5 0.89 (d, 3H), 
1.09 (d, 3H). 1.53-1.62 (m, 2H), 1.68-1.74 (m, IH), 1.77 (s. 3H), 2.03 (s. 3H). 2.49 (dl 
IH), 2.58 (dd. IH), 2.78-2.83 (m, IH). 3.25-3.27 (m. IH), 3.30-3.32 (m, IH), 3.35 (s. 3H). 
3.38 (s, 3H), 4.32 (d, IH), 5.10 (s, IH), 5.59 (d, IH). 5.96 (dd, IH), 6.55 (t. IH). 6.92 (d, ' 
IH), 7.58 (s,lH), 8.60 (s,lH). 

Example 31: Synthesis of Compound #133 
Synthesis ofl7-phenyl.geldanamycin. A solution of 17.arf.geldaiiamycm(l 
mmol). cesium bromide (2 mmol), cesium fluoride (2 mmol). Pd(dba)2 (0.2 mmol) and 
phenyl boronic acid (2 mmol) in dioxane was heated at 40»C for 12 hours whereiqjon it = 

cooled down to RT and concentrated miderieducepxessui^ to give the cnide produce 
This latter was dissolved in EtOAc and washed with sat NaHC03. dried over Na2S04 
and concentrated under reduce pressure. The crude material was purified by flash 
chromatography to give H-phenyl-geldanamydn as a yeHow soM Rf = 0.49 in 80:15:5 
CH2Cb: EtOAc: MeOH. 'HNMR (CDQa) 8 0.71 (d, 3H), 0.98 (d. 3H), 1.53-1.63 (m. 
3H). 1.79 (s. 3H). 2.04 (s, 3H). 2.35 (dd, IH), 2.54-2.60 (m. IH), 2.73-2.77 (m. IH) 3 31 
(s. 3H). 3.34 (s. 3H). 3.35-3.37 (m, IH). 3.47-3.52 (m, IH). 4.36 (d. IH). 5.24 (s, IH) 
5.75 (d. IH). 5.90 (t. IH). 6.58 (t, IH). 6.96 (d. IH). 7.12-7.14 (m. 2H), 7.40-7.43 (m. 3H) 
7.56 (s,lH), 8.68 (S.1H). 

Example 32; Synthesis of Compound #212 

Synthesis of 17.(2.methoxy-phenyD-geldanamycin. Compound 212 was prepared 
according to the procedure described for 17-phenyl.geldanamycin except that 2-methoxy- 
phenyl boronic acid was used instead of phenyl boronic acid Rf = 0.36 in 80:15:5 
CH2CI2: EtOAc: MeOH. ^HNMR (CDCI3) 5 0.98 (d, 3H). 1.04 (d, 3H), 1.53-1.63 (m 
3H), 1.80 (s, 3H), 2.03 (s. 3H). 2.52-2.62 (m, 2H). 2.78-2.83 (m. IH), 2.85 (d. IH). 3.32 
(s. 3H). 3.36 (s. 3H). 3.37-3.39 (m. IH). 3.54-3.56 (m, IH), 3.76 (s. 3H). 4.34 (d, IH), 
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5.19 (s, IH), 5.83 (d, IH), 5.90 (t, IH), 6.58 (t, IH), 6.89-6.92 (m, 2H), 6.96 (br d, 2H), 
7.06 (br t, IH), 7.29 (s. IH). 8.74 (s, IH). 

Example 33: Synthesis of Componnd #232 
Synthesis of 17-(2-flnophen)-geldanamycm. was prepared according to the 
5 procedure described for 17-phenyl-geldanamycin except that 2-thiophene bcMonic acid was 
used instead of phenyl boronic acid. Rf = 0.50 in 80:15:5 CH2CI2: EtOAc: MeOH. 'H 
NMR (CDCI3) 5 0.82 (d, 3H), 0.97 (d, 3H), 1.50-1.603 (m, 3H), 1.78 (s, 3H), 2.05 (s. 3H), 
2.42-2.50 (m, 2H), 2.76-2.81 (m, IH), 3.33 (s. 3H), 3.34 (s, 3H), 3.33-3.36 (m. IH), 3.48- 
3.50 (m, IH), 4.35 (d, IH), 5.21 (s, IH), 5.72 (d, IH), 5.91 (t, IH), 6.57 (t. IH). 6.92 (d. 
10 IH). 7.12-7.14 (m, IH), 7.55 (s, IH), 7.55-7.58 (m, 2H). 8.68 (s. lir>. 

The following schematic applies to Example 34: 




Compoiuiil^94 



1^ Example 34: Syndesis of Compound ^94 

Sodium hydride (10.3mg, 0.257mmol) was added to a solution of compound A 
(150mg, 0.257mmol) in THF (IQml) in a flame-dried flask under N2 and stirred at room 
temperature for 10 minutes. Terephthalojd chloride (26.1 mg, 0.129mmol) and 
triethylamine (36 ul, 0.257 mmol) were added and the reaction mixture was stirred for 2 
20 hours at room teniperature. Water was added and the resulting precipitate was filtered to 
give the crude product Conq)ound#594. Purification by silica gel chromatography (5% 
CH3OH/CH2CI2) afforded the desired dimer as a purple solid (140mg, 0.107nmiol). Yield; 
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83%; 'H NMR (CDCI3) 8 0.95 (d. J = 7 Hz, 6H. 2CH3). 1.00 (d, J = 7 Hz, 6H. 2CH3), 1.69 
(m, 4 H, 2 CH2), 1.76 (s. 6 H. 2 CH3), 1.83 (m. 2H, 2CH), 2.00 (s, 6H, 2CH3), 2.36 (dd, J 
= 14Hz, 2H, 2CH), 2.63 (d, 2H, 2CH), 2.75(m, 2H, 2CE0, 3.25 (s, 6H, 2OCH3), 3.35 (s, 
6H, 2OCH3), 3.40 (m, 2H, 2CH), 3.68(m, 2H, 2CH), 3.90 (m, 4H, 2CH2), 4.0 (m, 4H. 
5 2CH2). 4.20 (Bs. 2H. OH), 4.30 ( d, J = 10 Hz, 2H, 2C3J), 4.80 (Bs, 4H. 2NH2), 5.19 (s, 
2H,2CH), 5.82(t.J = 15Hz.2H,2CH=),5.89(d.J=10Hz.2H,2CH=),6.59(t,J = 15 
Hz, 2H, 2CH=), 6.92 (d, J = 10 Hz, 2H, 2CH=), 7.13 (t, 2H, 2NH ), 724 (s. 2H. 2CH=), 
8.14 (s, 4H, Ar-H), 9.21 (s, 2H, 2NH); MS (m/z)1308 (M-H). 



Conqwund #564 was prepared according to the procedtne described ft>r conq)ound 
#529 using nicotinyi chloride HQ salt instead of picolinoyl chloride. Rf = 0.27 in 80:15:5 
CHaCla: EtOAc: MeOH. ^H NMR CDCI3 5 0.94 (t, 3H), 0.955 (d, 3H), 1.69-1.74 (m, 2H). 
1.79 (s, 3H), 1.83-1.87 (m, IH), 2.03 (s, 3H), 2.51-2.63 (m, 2H). 2.77-2.81 (m, IH), 3.30- 
15 3.37 (m. 7H), 3.44-3.49 (m, IH). 4.33 (d, IH), 5.14 (s, IH), 5.74 (d, IH), 5.92 (t, IH), 6.56 
(t, IH), 6.94 (d, IH), 7.49-7.52 (m, 2H), 8.25 (d, IH), 8.56 (br s, IH), 8.75 (s, IH), 8.84 
(dd, IH), 9.17 (s, IH). 



Exanqple 35: Preparation of Conqioiind ^64 




20 
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Compoiind #1046 was prepared according to the procedure described for 
compound #529 using 4-ciiloromethyl-benzoyl chloride instead of picolinoyl chloride. 



5 (3.1g, 81%). Rf = 0.45 in 80:15:5 CH2CI2: EtOAc: MeOH. *H NMR CDCI3 5 0.89 (d, 3H), 
0.93 (d, 3H), 1.70 (br s, 2H), 1.79 (br s, 4H), 2.04 (s, 3H), 2.52-2.58 (m, 2H), 2.62-2.63 
(m, IH), 2.76-2.79 (m, IH), 3.33 (br s, 7H), 3.43-3.45 (m, IH), 4.33 (d, IH), 4.64 (s, 2H), 
5.17 (s, IH), 5.76 (d, IH), 5.92 (t, IH), 6.57 (t, IH), 6.94 (d, IH), 7.49 (s, IH), 7.55 (d, 
2H), 7.91 (d, 2H), 8.46 (s, IH), 8.77 (s, IH). 

10 Example 37: Preparation of Compoiind #687 



A solution of 17-aininogeldanamycia (1.12 g, 2.0 mmol) m EtOAc (200 ml) was 
treated with Na2S204 (10%, 20 ml) at rt. After 2 h, the aqueous layer was extracted with 
15 EtOAc (20 ml), the combined organic layers were dried over Na2S04 and concentrated 
under reduce pressure to give 18,21-dihydro-17-aniinogeldanamycin as a yellow solid. 




Procedure A: 
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This latter was dissolved ia anhydrous DMF (1 0 ml) and transferred via cannula to a 
mixture 4-M7/-<iimethylamiaomethyi-benzoic acid (0.48 g, 225 mmol), EDCI (0.47 g, 
2.46 mmol) and HOBT (0.33 g, 2.46 mmol) in DMF (5 ml) at room temperature. After 12 
hours, CuSOa (0.2g, 1.26 amiol) and MeOH (2 ml) were further added to the reaction 

5 mixture. After 4h, the reaction mixture was poured into water (70 ml) and extracted wifli 
EtOAc (2x30 ml). The aqueous layer was then neutralized to pH 7 with sat NaHCOs and 
extracted with EtOAc (3x30 ml). The combined organic layers were dried over Na2S04 
and concentrated under reduce pressure to give the crude material which was purified by 
flash chromatography and recrystallization in j-PrOH to give 17-(4-dimethylamin6methyl- 

10 benzoyl)-aminogeldanamycin as a yellow solid (0.30 g, 21%). Rf = 0.10 in 80:15:5 

CKzCh: EtOAc: MeOH. Mp = 203-206°C. NMR CDCI3 5 0.93 (d, 3H), 0.95 (d, 3H), 
1.70-1.74 (m, 3H), 1.79 (s, 3H), 2.04 (s, 3H), 2.29 (s, 6H), 2.53-2.59 (m, IH), 2.63-2.67 
(m, IH), 2.75-2.79 (m, IH), 3.33 (br s, 7H), 3.46 (br s, IH), 3.54 (s, 2H), 4.33 (d, IH), 
5.16 (s, IH), 5.77 (d, IH), 5.91 (t, IH), 6.57 (t, IH), 6.94 (d, IH), 7.48 (s, IH), 7.49 (t, 

15 2H), 7.87 (d, 2H), 8.47 (s, IH), 8.77 (s, IH). 

Procednre B : 

To a solution of compound #1046 (3.73 g, 5.3 mmol) m C3H2CI2 (50 ml) were 
added Me2NH3Cl salt (1.51 g, 18.5 mmol), Et(/-Pr)2N (2.8 ml) andNal (0.79 g, 5.3 
mmol). The resulting solution was heated at reflux for 6 hours whereupon it was cooled to 
20 rt, diluted with EtOAc (600 ml), washed with water (100 ml), dried with Na2S04 and 
concentrated under reduce pressure to give the crude material which was purified by 
recrystallization in EtOH to give 17-(4-dimethylaminomefhyl-benzoyl)- 
aminogeldanamyciD as a yellow soUd (1 .74 g, 46%). 
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Example 38: Preparation of Compound #696 




Compound #696 was prepared according to the procedure described for compound 
#529 using pentafluoropropanoyl chloride instead of picolinoyl chloride. 

5 Rf = 0.37 in 80:15:5 CH2CI2: EtOAc: MeOR 'H NMR CDCI3 5 0.92-0.94 (d, 6H), 1.54- 
1.69 (m. 2H), 1.77 (s. 3H), 1.80 (br s, IH), 2.02 (s, 3H), 2.42 (dd, IH), 2.47-2.51 (m, IH), 
2.76-2.80 (m. IH), 3.27-3.34 (m, 7H), 3.38-3,41 (m, IH), 4.32 (d, IH), 5.14 (s, IH), 5.68 
(d, IH), 5.93 (t, IH), 6.55 (t, IH), 6.92 (d, IH), 7.53 (s, IH), 8.59 (s, IH), 8.68 (s, IH). 

Example 39: Preparation of Compound #697 
F 




Conqjound #697 was prepared according to the procedure described for compound 
#529 uang pentafhioro benzoyl chloride instead of picolinoyl chloride. Rf = 0.43 in 
80:15:5 CH2a2: EtOAc: MeOH. *HNMR CDQa 5 0.95 (d, 3H), 0.97 (d, 3H), 1.64-1.75 
(m, 2H). 1.78 (s, 3H), 1.84 (br s, IH), 2.04 (s, 3H), 2.54 (dd, IH), 2.61 (m, IH), 2.77-2.80 
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(m, 1H3, 3.34-335 (m. 7H). 3.42-3.44 (m, IH), 4.33 (d. IH), 5.15 (s, IH), 5.72 (d, IH), 
5.93 (t. IH), 6.56 (t, IH), 6.93 (d, IH), 7.50 (s, IH). 8.19 (s, IH), 8.72 (s, IH). 



Compound #723 was prepared according to procedure A described for conq)oimd 
#687 using 4-hydK)xyplienyl acetic acid instead of 4-(dimethylaminomethyl)benzoic acid. 
Rf = 0.38 in 80:15:5 CH2CI2: EtOAc: MeOH. NMR CDCI3 6 0.78 (d, 3H), 0.86 (d, 
3H), 1.44-1.54 (m, 2H), 1.69 (br s, 4H), 1.97 (s, 3H), 2.29 (dd, IH), 2.38 (dd, IH), 2.65- 
10 2.70 (m, IH), 3.22-3.35 (m, 8H), 3.61 (s, 2H), 4.27 (d, IH), 5.03 (s, IH), 5.61 (d, IH), 
5.84 (t, IH), 6.50 (t. IH), 6^80 (d, 2H), 6.85 (d, IH), 7.12 (d, 2H), 7.32 (s, IH). 



Example 40: Preparation of Compound #723 
H O 




Example 41 : Preparation of Compound #777 
H 9 




15 



Compound #777 was prepared according to procedure A described for compound 
#687 using 20ethoxy acetic acid instead of 4-(dimethylaniinomethyl)benzoic acid. Rf = 
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0.43 in 80:15:5 CH2CI2: EtOAc: MeOH. "H NMR CDCI3 8 0.96 (t, 6H). 1.33 (t. 3H), 1.68- 
1.70 (m, 2H), 1.72-1.74 (m, IH), 1.77 (s, 3H), 2.02 (s, 3H), 2.50-2.60 (m, 2H), 2.72-2.78 
(m, IH), 3.31-3.33 (m, 7H),-3.41-3.44 (m, IH). 3.66 (q, 2H), 4.08 (d, 2H), 4.31 (d, IH), 
5.14 (s, IH), 5.74 (d, IH), 5.90 (t, IH), 6.55 (t, IH), 6.915 (d, IH), 7.45 (s, IH). 8.70 (s, 
5 lH),8.86(s, IH). 



Compound #846 was prepared according to procedure A described for conq)ound 
#687 using 4-hydroxybenzoic acid instead of 4-(dimetiiylaininomethyl)ben2oic acid. Rf =r 



10 0.13 in 80:15:5 CH2CI2: EtOAc: MeOH. ^H NMR CDCI3 6 0.89 (d, 6H), 1.61 (br s, 2H), 
1.72 (br s, 4H), 1.99 (s, 3H), 2.46 (dd, IH), 2.55 (dd, IH), 2.63-2.72 (m, IH), 3.27-3.30 
(m, 7H), 3.35-3.40 (m, IH), 429 (d, IH), 5.06 (s, IH), 5.68 (d, IH), 5.85 (t, IH), 6.52 (t, 
IH), 6.85-6.90 (m, 3H), 7J24 (s, IH). 7.40 (s, IH), 7.75 (d, 2H), 8.70 (s, IH), 8.86 (s, IH). 



Example 42: Preparation of Compound #846 




Example 43: Preparation of Compound #847 



15 
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Coiiq}omid #847 was prepared according to procedure A described for compound 
#687 using 3,5-didilorobenzoic acid instead of 4-(diineth.ylaniinomethyl)benzoic add. Rf 
= 0.13 in 80:15:5 CH2CI2: EtOAc: MeOH. 'H NMR CDCI3 5 0.92 (d, 6H), 1.65 (br s, 2H), 
1.75 (br s, 4H), 2.00 (s, 3H), 2.47-2.59 (m. 2H), 2.73-2.76 (m, IH), 3.30-3.32 (m, 7H), 
5 3.40-3.42 (m, IH), 4.31 (d, IH), 5.11 (s, IH), 5.71 (d, IH), 5.88 (t, IH), 6.53 (t, IH), 6.915 
(d, IH), 7.05 (d, IH), 7.30-7.34 (m, 3H), 7.44 (s, IH), 8.49 (s, IH), 8.80 (s, IH). 



Conipound #850 was jvepared according to the procedure described for conqwund 



10 #687. Rf = 0.45 in 80:15:5 CH2CI2: EtOAc: MeOH. 'H NMR CDCh 5 0.93 (d, 3H), 0.95 
(d, 3H), 1.59-1.61 (m, 2H), 1.73 (s, 3H), 1.84 (br s, IH), 2.00 (s, 3H), 2.40-2.47 (m, 2H), 
2.71-2.75 (m, IH), 3.22-3.35 (m, 8H), 4.31 (d, IH), 5.06 (s, IH), 5.65 (d, IH), 5.88 (t, 
IH), 6.53 (t, IH), 6.90 (d, IH), 7.45 (s, IH), 7.55 (s, IH), 7.77 (s, 2H), 8.81 (s. IH). 



Example 44: Preparation of Compound # 850 

CI 




Example 45: Preparation of Componnd # 1059 




'OCONH2 
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To a solution of compound #1046 (0.14 g, 0.2 mmol) in THF (5 ml) were added 
sodium iodide (30 mg, 0,2 imnol) and morpholine (35 fil, 0.4 mmol). The resulting 
mixture was heated at reflux for lOh whereupon it was cooled to room temperature, 
concentrated under reduce pressure and the residue was redissolved in EtOAc (30 ml), 

5 washed with water (10 ml), dried with Na2S04 and concentrated again. The residue was 
then recrystallized in EtOH (10 ml) to give the compound 1059 as a yellow solid (100 mg, 
66%). Rf - 0.10 in 80:15:5 CH2CI2: EtOAc: MeOH. *H NMR CDCI3 5 0.93 (s, 3H), 0.95 
(d, 3H), 1.70 (br s, 2H), 1.78 (br s, 4H), 2.03 (s, 3H), 2.48 (br s, 4H), 2.55-2.62 (m, 3H), 
2.74-2.79 (m, IH), 3.32 (br s, 7H), 3.45 (m, IH), 3.59 (s, 2H), 3.72-3.74 (m, 4H), 4.32 (d, 

10 IH), 5.15 (s, IH), 5.76 (d, IH), 5.91 (t, IH), 6.56 (t, IH), 6.94 (d, IH), 7.48 (s, IH), 7.50 
(d, 2H), 7.87 (d, 2H), 8.47 (s, IH), 8.77 (s, IH). 

Example 46: Preparation of Compound # 1060 




15 Compound #1060 was prepared according to the procedure described for 

compound #1059 using N-ethylpiperazine instead of morpholine. Rf = 0.04 in 80:15:5 
CH2CI2: EtOAc: MeOH. ^H NMR CDCI3 5 0.93 (d, 3H), 0.95 (d, 3H), 1.24 (t, 3H), 1.70 
(br s, 2H), 1.79 (br s, 4H), 2.04 (s, 3H), 2.53-2.79 (m, 12H), 3.33 (br s, 7H), 3.46 (m, IH), 
3.63 (s, 2H), 4.33 (d, IH), 5.16 (s, IH), 5.76 (d, IH), 5.92 (t, IH), 6.57 (t, IH), 6.94 (d, 

20 IH), 7.47 (d, 2H), 7.48 (s, IH), 7.87 (d, 2H), 8.47 (s, IH), 8.77 (s, IH). 
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Example 47: Preparation of Compound # 1066 




Coicpound #1066 was piepared according to die procedure described for 
compovnad #1059 using pyrrolidine instead of morpholine. Rf = 0^8 in 80:10:10 CE2CI2: 
BtOAc: MeOH. NMR CDCI3 5 0.935 (d, 3H), 0.95 (d, 3H), 1.70 (br s, 2H), 1.79 (br s, 
4H), 1.92 (br s, 4H), 2.04 (s, 3H), 2.52-2.65 (m, 3H), 2.75-2.79 (m, 5H), 3.33 (br s, 7H), 
3.46 (m, IH). 3.88 (s, 2H), 4.33 (d, IH), 5.16 (s, IH), 5.765 (d, IH), 5.92 (t, IH), 6.57 (t, 
IH), 6.945 (d, lEO, 7.49 (s, IH), 7.61 (d, 2H), 7.90 (d, 2H), 8.48 (s, IH). 8.76 (s, IH). 

Example 48: Preparation of Compound # 1078 




Compound #1078 was prepared according to the procedure described for 
conq)ound #1059 using tert-butyl-N-piperazine caiboxylic acid instead of morpholine. Rf 
= 0.30 in 80:15:5 CH2CI2: EtOAc: MeOH. *H NMR CDCI3 8 0.925 (d, 3H), 0.94 (d, 3H), 
1.45 (s, 9H), 1.69 (br s, 2H). 1.79 (br s, 4H). 2.03 (s, 3H), 2.41 (br s, 4H), 2.51-2.60 (m, 
2H), 2.75-2.79 (m, IH), 3.32 (br s, 7H), 3.45 (br s, 5H), 3.59 (s, 2H), 4.32 (d, IH), 5.15 (s, 
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IH). 5.76 (d, IH). 5.91 (t, IH), 6.56 (t, IH), 6.935 (d, IH), 7.47 (s, IH), 7.48 (d, 2H), 7.86 
(d, 2H), 8.46 (s, IH), 8.77 (s, IH). 

Example 49: Preparation of Compound # 1102 




5 To a solution of compound # 1078 (280 mg, 0.33 mmol) in CH2CI2 (2 ml) was 

added diopwise at rt an excess of Conq)oun^CX)OH (2 ml) and it was stitred for 15 min 
whereupon it diluted witii CH2Q2 (50 ml), washed wi& saturated NaHCO} (10 ml), dried 
over Na2S04 and concentrated under reduce pressure. The residue was purified by flash 
chromatography to give the compound # 1102 as a yellow solid (195 mg, 79%). Rf = 0.09 
10 in 80:5:15 CH2CI2: EtOAc: MeOH. NMR CDCI3 5 0.92 (d, 3H), 0.95 (d, 3H), 1.69 (br 
s, 2H), 1.78 (br s, 4H), 2.03 (s, 3H), 2.46 (br s, 4H), 2.56-2.62 (m, 2H), 2.75-2.79 (m, 
IH), 2.91-2.94 (m, 4H), 3.32 (br s, 7H), 3.45 (m, IH), 3.57 (s, 2H), 4.32 (d, IH), 5.16 (s, 
IH), 5.76 (d, IH), 5.91 (t, IH), 6.56 (t, IH), 6.93 (d, IH), 7.47-7.49 (m, 3H), 7.86 (d, 2H), 
8.77 (s, IH). 
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Example 50: Preparation of Compound # 1140 




Compound #1 140 was prepared according to the procedure described for 
compound #1059 using compound #1102 instead of morpholine. Rf = 0.50 in 80:10:10 
5 CH2CI2: EtOAc: MeOH. 'H NMR CDCI3 5 Ol (d, 3H), 1.22 (d, 3H), 1.34 (d, 3H), 1.36 
(d, 3H), 1.61 (br s, 4H), 1.72 (br s, 8H). 2.00 (s, 6H), 2.50-2.69 (m, 8H), 2.51-2.60 (m, 
2H). 3.07-3.11 (m. 4T3), 3.30 (br s, 14H), 337 (m. 2H). 3.57 (s, 4H), 4.30 (d, 2H), 5.06 (s. 
2H), 5.67 (d, 2H), 5.86 (t, 2H), 6.53 (t, 2H), 6.90 (d, 2H), 7.43 (s, 2H). 7.44 (d, 4H), 7.83 
(d, 4H), 8.52 (s, 2H), 8.83 (s, 2H). 
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Example 51: Preparation of Compound # 1148 




Conq)oimd #1148 was prepared according to the procedure desciibed for 
coiiq>oiind #1059 using J\r-(p-methQxybeo2yl)-JV-propylamine instead of moipholine. Rf = 
5 0.39 in 80:15:5 CH2CI2: EtOAc: MeOH. *H NMR CDCI3 5 0.86 (t, 3H), 0.90 (d, 3H), 0.94 
(d, 3H), 1.52-1.56 (m, 2H), 1.70 (br s, 2H). 1.79 (br s, 4H), 2.04 (s, 3H), 2.36-2.39 (m, 
2H), 2.58-2.64 (m, 3H), 2.74-2.79 (m, IH), 3.32 (br s, 7H), 3.46 (m, IH), 3.51 (s, 2H), 
3.59 (s, 2H), 3.80 (s, 3H), 4.33 (d, IH), 5.17 (s, IH), 5.78 (d, IH), 5.92 (t, IH), 6.58 (t, 
IH), 6.86 (d, 2H), 6.94 (d, IH), 7.27 (d, 2H), 7.49 (s, IH), 7.51 (d, 2H), 7.84 (d. 2H), 8.47 
10 (s,lH),8.77(s,lH). 

Example 52: Preparation of Compound # 1149 




111 



wo 03/066005 



PCTAJS03/04283 



To a solution of compound #1 148 (63 mg, 0.075 mmol) in CH2CI2/H2O (3/0.3 ml) 
was added DDQ (34 mg, 0.150 mmol) and it was allowed to stir at rt for 5h whereiq)cm it 
was diluted with CH2CI2 (10 ml), washed with NaOH IN (2 ml), dried overNa2S04 and 
concaitrated under reduce pressure. The residue was purified by preparative tl.c. (1000 
5 nM) t© give the conq)ound #1149 as a yeflow soHd (10 mg, 18%). Rf = 0.17 in 80:10:10 
CH2CI2: EtOAc: MeOH. *H NMR CDCI3 5 0.88-0.96 (m. 9H), 1.54-1.60 (m, 2H), 1.70 (br 
s, 2H). 1.79 (br s, 4H), 2.06 (s, 3H), 2.56-2.64 (m, 5H), 2.75-2.79 (m, IH), 3.33 (br s, 7H), 
3.45 (m, IH). 3.90 (s, 2H), 4.33 (d, IH), 5.16 (s, IH), 5.78 (d, IH). 5.92 (t, IH), 6.57 (t, 
IH), 6.94 (d, IH), 7.49 (s, IH), 7.50 (d, 2H), 7.88 (d, 2H), 8.46 (s, IH), 8.77 (s, IH). 

0 Exan^le 53: Preparation of Compoimd # 1167 




Compound #1 167 was prepared according to the procedure described for 
cooipound #1059 using efhyl-iV-piperazine carboxylate instead of moipholine. Rf = 0.30 in 
80:15:5 CH2CI2: EtOAc: MeOH. 'HNMRCDCI3 6 0.925 (s, 3H), 0.95 (d, 3H), 1.25 (t, 
15 3H), 1.70 (br s. 2H), 1.79 (br s, 4H), 2.04 (s. 3H), 2.42 (br s, 4H), 2.52-2.68 (m, 3H), 

2.75-2.79 (m. IH), 3.32 (br s, 7H), 3.49 (br s, 5H), 3.59 (s, 2H), 4.13 (q, 2H), 4.32 (d, IH), 
5.16 (s. IH), 5.77 (d, IH). 5.91 (t, IH), 6.57 (t, IE), 6.94 (d, IH), 7.48 (s, IH). 7.48 (d, 
2H), 7.87 (d, 2H), 8.47 (s, IH), 8.77 (s, IH). 
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Example 54: Preparation of Compound # 1168 




Confound #1 168 was prepared according to the procedure described for 
compound #1059 using iV'-'(4-chloroplienyl)-piperazme instead of morpholine. Rf- 0.36 in 
80:15:5 CH2CI2: EtOAc: MeOBL NMR CDCI3 S 0.93 (s, 3H), 0.945 (d, 3H), 1.70 (hr s, 
2H), 1.79 (hr s, 4H), 2.04 (s, 3H), 2.56-2.63 (m, 7H), 2.76-2.79 (m, IH), 3.18 (br s, 4H), 
3.33 (br s, 7H), 3.47 (br s, IH), 3.64 (s, 2H), 4.33 (d, IH), 5.17 (s, IH), 5.77 (d, IH), 5.92 
(t, IH), 6.60 (t, IH), 6.83 (d, 2H), 6.94 (d, IH), 7.20 (d, 2H), 7.49 (s, IH), 7.52 (d, 2H), 
7.88 (d, 2H), 8.48 (s, IH), 8.78 (s, IH). 



Example 55: Preparation of Compound # 1169 




Compound #1 169 was prepared according to the procedure described for 
compound #1059 using iV-methyl-piperazine instead of morpholine. Ef = 0.09 in 80:10:10 
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CH2CI2: EtOAc: MeOH. 'H NMR GDQs 6 0.93 (s, 3H), 0.96 (d, 3H), 1.70 (br s, 2H), 1.79 
(br s, 4H), 2.04 (s, 3H), 2.37 (s, 3H), 2.56-2.64 (m, lOH), 2.76-2.79 (m, IH), 3.33 (br s, 
7H), 3.46 (br s, IH), 3.60 (s, 2H), 4.33 (d, IH), 5.17 (s, IH), 5.77 (d, IH), 5.92 (t, IH), 
6.58 (t, IH), 6.95 (d, IH), 7.48 (d, 2H), 7.49 (s, IH), 7.86 (d, 2H), 8.47 (s, IH), 8.77 (s, 
5 IH). 

Example 56: Preparation of Componnd # 1170 




Compound #1170 was prepared according to the procedure described for 
confound #1059 using iNT-fcimyl-piperazine instead of moipholine. Rf= 0.52 in 80:10:10 
10 CH2CI2: EtOAc: MeOH. 'H NMR CDQa 8 0.93 (s, 3H), 0.96 (d, 3H), 1.70 (br s, 2H), 1.79 
(br s, 4H), 2.04 (s, 3H), 2.45-2.48 (m, 4H), 2.50-2.68 (m, 3H), 2.75-2.78 (m, IH), 3.33 (br 
s, 7H), 339-3.41 (m, 2H), 3.45 (m, IH), 3.59 (br s, 2H), 3.62 (s, 2H), 4.33 (d, IH), 5.17 (s, 
IH), 5.77 (d, IH), 5.92 (t, IH), 6.57 (t, IH), 6.94 (d, IH), 7.48 (s, IH), 7.49 (d, 2H), 7.88 
(d, 2H), 8.03 (s, IH), 8.47 (s, IH), 8.78 (s, IH). 
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Example 57: Preparation of Compound # 1171 



a 




Cocapomd #1 171 was prepared according to the jmcedure described for 
compound #1059 using iV-cyclohexyl-piperazine instead of moipholine. Rf = 0.32 in 



5 80:10:10 CH2a2: EtOAc: MeOH. 'HNMR CDQa 5 0.93 (s, 3H), 0.96 (d, 3H), 1.06-1.19 
(m, 2H), 1.24-1.35 (m, 4H), 1.63-1.73 (m, 4H), 1.79 (s, 3H), 1.75-1.85 (m, 3H), 2.04 (s, 
3H), 2.51-2.83 (m, 13H), 3.33 (br s, 7H), 3.46 (m, IH), 3.62 (s, 2H), 4.33 (d, IH), 5.16 (s. 
IH), 5.76 (d, IH), 5.91 (t, IH), 6.57 (t, IH), 6.94 (d, IH), 7.47 (d, 2H), 7.49 (s, IH), 7.86 
(d, 2H), 8.46 (s, IH), 8.77 (s, IH). 

- 10 £xaiiqple 58: Preparation of Conqpound # 11*^ 



Compound #1 171 was prepared according to the procedure descnbed for 

compoimd #1059 using JV-acetyl-piperazine instead of moipholine. Rf =0.51 in 80:10:10 

CH2CI2: EtOAc: MeOH. 'HNMR CDCI3 6 0.93 (s, 3H), 0.945 (d, 3H), 1.69 (s, 2H), 1.78 

15 (s, 4H), 2.03 (s, 3H), 2.08 (s, 3H), 2.41-2.45 (m, 4H), 2.51-2.63 (m, 3H), 2.76-2.79 (m, 
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IH), 3.32 (hr s, 7H). 3.45-3.48 (m, 3H), 3.59 (s, 2H). 3.62-3.64 (m, 2H), 4.32 (4 IH). 5.15 
(s, IH), 5.76 (d, IH), 5.88 (t, IH), 6.56 (t. IH), 6.93 (d, IH), 7.47 (s, IH), 7.48 (d, 2H), 
7.87 (d, 2H), 8.47 (s, IH), 8.77 (s, IH). 



Compound #1188 was prepared according to the procedure described for 
compound #1059 using 4-(2-bromoethyl)-benzoyl-17-aminogeldanamycin instead of 



compound 1046. Rf = 0.53 in 80:10:10 CHaQa: EtOAc: MeOH. 'H NMR CDOa 5 0.92 
(s, 3H), 0.94 (d, 3H), 1.70 (br s. 4H). 1.79 (br s, 4H), 2.03 (s, 3H), 2.54-2.65 (m, 7H), 
2.76-2.79 (m, IH), 2.87 (t, 2H). 3.32 (hrs, 7B), 3.47 (m, IH), 3.74-3.76 (m. 4H), 4.33 (d, 
IH), 5.17 (s, IH), 5.77 (d, IH), 5.91 (t, IH), 6.57 (t, IH), 6.94 (d, IH), 7.36 (d, 2H). 7.49 
(s, IH), 7.84 (d, 2H), 8.46 (s, IH), 8.77 (s, IH). 



Example 59: Preparation of Compound # 1188 
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Exaoqile 60: Preparation of Compoimd # 1189 



O 




Compound #1 189 was prepared accordiiig to the procedure described for 
compound #1188 using Ethyl piperazine caiboxj^ate instead of morpholine. Rf = O.OS in 
80:5:15 CH2C]a: EtOAc: MeOH. ^HNMR CDQa 8 0.92 (s, 3H), 0.96 (d, 3H), 1.26 (t, 
3H), 1.70 (br s, 4H), 1.79 (br s, 4H), 2.04 (s, 3H), 2.49-2.58 (m, 4H), 2.63-2.67 (m, 3H), 
2.76-2.79 (m, IH), 2.89 (t, 2H), 3.32 (br s, 7H), 3.46 (m, IH), 3.51 (br s, AS), 4.14 (q, 
2H), 4.32 (d, IH), 5.17 (s, IH), 5.77 (d, IH), 5.92 (t, IH), 6.57 (t, IH), 6.94 (d, IH), 7.35 
(d, 2H). 7.48 (s, IH), 7.84 (d, 2H), 8.46 (s, IH), 8.77 (s, IH). 

Example 61: Preparation of Compound # 1203 
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Coinpound #1203 was prepared according to the procedure described for 
compound #1059 using diisopropyl amine instead of moipholine. Ef = 0.40 in 80:15:5 
GHzQa: EtOAc: MeOH. NMR CDCI3 5 0.925 (s, 3H), 0.96 (d, 3H), 1.03 (d, 12H), 1.70 
(br s, 2H), 1.79 (br s, 4H), 2.04 (s, 3H), 2.57-2.64 (m, 3H), 2.75-2.79 (m. IH), 2.99-3.04 
5 (m, 2H), 3.33 (br s. 7H), 3.46 (m, IH), 3.71 (s, 2H), 4.325 (d, IH), 5.17 (s, IH), 5.78 (d, 
IH), 5.91 (t, IH), 6.57 (t, IH). 6.94 (d, IH), 7.49 (s, IH), 7.54 (d, 2H), 7.83 (d, 2H). 8.47 
(s, IH), 8.78 (s, IH). 

Example 62: Preparation of Compound # 1205 




10 Compound #1205 was prepared according to the procedure described for 

coiiq>ound #1059 using piperidine instead of morpholine. Rf » 0.41 in 80:10:10 CH2CI2: 
EtOAc: MeOH. 'H NMR CDCI3 5 0.93 (s, 3H), 0.95 (d, 3H), 1.47 (br s, 211), 1.62 (br s, 
4H), 1.70 (br s, 2H), 1.79 (br s, 4H), 2.04 (s, 3H), 2.44 (br s, 4H), 2.53-2.65 (m, 3H), 2.75- 
2.79 (m, IH), 3.33 (br s, 7H), 3.46 (m, IH), 3.59 (s. 2H), 4.325 (d, IH), 5.16 (s, IH), 5.77 

15 (d, IE), 5.91 (t, IH), 6.57 (t, IH), 6.94 (d, IH), 7.48 (s, IH), 7.50 (d, 2H), 7.86 (d, 2H), 
8.47 (s, IH), 8.77 (s, IH). 
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Example 63: Preparation of Compound # 1219 




Compound #1219 was prqpared according to fhe procedure described for 
compound #1059 using dipropyl amine instead of moipholine. Rf= 0.38 in 80:15:5 
CH2CI2: EtOAc: MeOH. ^HNMR CDCI3 5 0.88 (t, 6H), 0.93 (s, 3H), 0.95 (d, 3H), 1.47- 
1.52 (m, 4H), 1.70 (br s, 2H), 1.79 (br s, 4H), 2.04 (s, 3H), 2.40 (br s, 4H), 2.53-2.65 (m, 
3H), 2.75-2.79 (m, IH), 3,33 (br s, 7H), 3.46 (m, IH), 3.63 (s, 2H), 4.32 (d, IH), 5.16 (s, 
IH), 5.77 (d, IH), 5.91 (t, IH), 6.57 (t, IH), 6.94 (d, IH), 7.48 (s, IH), 7.50 (d, 2H), 7.85 
(d, 2H), 8.47 (s, IH), 8.77 (s, IH). 

Example 64: Preparation of Compound # 1235 




Compound #1235 was prepared according to the procedure described for 
compound #1059 using dibutyl amine instead of moipholine. Rf = 0.38 in 80:15:5 CH2CI2: 
EtOAc: MeOH. ^H NMR CDCI3 8 0.88-0.97 (m, 12H), 1 J26-1.33 (m, 4H), 1.42-1.48 (m, 
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4H), 1.71 (br s, 2H), 1.80 (br s, 4H), 2.05 (s, 3H), 2.45 (br s, 4H), 2.54-2.65 (m, 3H), 2.75- 
2.79 (m. IH), 3.34 (brs, 7H), 3.47 (m, IH), 3.66 (s, 2H). 4.33 (d, IH), 5.17 (s. IH), 5.78 
(d, IH), 5.92 (t, IH), 6.59 (t, IH), 6.94 (d, IH), 7.49 (s, IH), 7.52 (d, 2H), 7.86 (d. 2H). 
8.48 (s,lH), 8.78 (s,lH). 



Example 65: Preparation of Compound # 1236 




Compound #1236 was prepared according to the procedure described for 
compound #1059 using benzyielhyl amine instead of moipholine. Rf = 0.43 in 80:15:5 
10 CH2CI2: EtOAc: MeOH. ^H NMR CDCI3 8 0.925 (s. 3H), 0.95 (d, 3H), 1.09 (t, 3H), 1.70 
(hr s, 2H). 1.79 (br s, 4H), 2.04 (s, 3H), 2.50-2.62 (m, 5H), 2.75-2.79 (m, IH), 3.32 (br s, 
7H), 3.46 (m. IH), 3.59 (s, 2H), 3.63 (s, 2H), 4.33 (d, IH), 5.16 (s, IH), 5.78 (d, IH), 5.91 
(t, IH), 6.57 (t, IH), 6.94 (d, IH), 725-7.27 (m, IH), 7.32-7.38 (m, 4H), 7.48 (s, IH), 7.53 
(4 2H[), 7.85 (d, 2H), 8.47 (s, IH), 8.77 (s. IH). 
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Example 66: Preparation of Compound # 1237 




Compound #1237 was prepared according to flie procedure described for 
compound #1059 using dibenzjd amine instead of morpholine. Rf = 0.54 in 80:15:5 



5 CH2CI2: EtOAc: MeOH. 'H NMR CDCI3 8 0.92 (s, 3H), 0.955 (d, 3H), 1.70 (br s, 2H), 
1.79 (brs, 4H), 2.04 (s, 3H), 2.53-2.65 (m, 3H), 2.75-2.79 (m, IH), 3.32 (br s, 7H). 3.46 
(m, IH), 3.57 (s, 4H), 3.63 (s, 2H). 4.32 (d, IH), 5.16 (s, IH), 5.775 (d, IH), 5.92 (t, IH), 
6.585 (t. IH), 6.94 (d, IH), 7.23-7.28 (m, 2H), 7.31-7.35 (m, 4H). 7.39-7.42 (m, 4H). 7.48 
(s, IH). 7.56 (4 2H). 7.87 (d, 2H). 8.47 (s, IH), 8.77 (s, IH). 



Compound #1238 was prqiared according to the procedure described for 
compound #529 using 2-thiophenylcarbonyl chloride instead of benzoyl chloride. Rf = 
15 0.47 in 80:15:5 CH2CI2: EtOAc: MeOH. 'H NMR CDCI3 6 0.93 (d, 3H), 0.95 (4 3H), 
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1.69 (hr s, 2H), 1.79 (br s, 4H), 2.03 (s, 3H), 2.52 (d, IH), 2.58-2.61 (m, 2H), 2.75-2.79 
(m, IH), 3.33 (br s, 7H), 3.43-3.46 (m, IH), 4.32 (d, IH), 5.16 (s. IH), 5.76 (d, IH), 5.92 
(t, IH), 6.57 (t, IH), 6.935 (d, IH), 7.18 (dd, IH), 7.49 (s, IH), 7.564 (d, IH), 7.725 (IH, 
d), 8.42 (s,lH), 8.76 (s,lH). 




Conq)omd #1239 was prepared according to the procedure described for 
compound #529 using 2-furoyl chloride instead of benzoyl chloride. Rf = 0.47 in 80:15:5 
10 CH2CI2: EtOAc: MeOH 'H NMR CDCI3 8 0.92 (d, 3H), 0.94 (d, 3H), 1.69 (br s, 2H), 
1.78 (br s, 4130, 2.03 (s, 3H), 2.51 (d, IH), 2.62 (d, 2H), 2.75-2.79 (m, IH), 3.32 (br s, 7H), 
3.41-3.45 (m, IH), 4.32 (d, IH), 5.15 (s, IH), 5.75 (d, IH), 5.91 (t, IH), 6.56 (t, IH), 6.60 
(br s, IH), 6.93 (d, IH), 7.28 (d, IH), 7.49 (s, IH), 7.59 (s, IH), 8.69 (s, IH), 8.75 (s, IH). 
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Exanqile 69: Preparafioii of Compound # 1252 




Compound #1252 was prepared according to the procedure described for 
compoimd #1059 using benzyl butyl amine instead of morpholine. Rf = 0.45 in 80:15:5 
5 CH2CI2: EtOAc: MeOH. NMR CDCI3 5 0.85 (t, 3H), 0.92 (d, 3H), 0.95 (d, 3H), 1.27- 
1.31 (m, 2H), 1.49-1.53 (m, 2H). 1.70 (br s, 2H), 1.79 (br s, 4H), 2.04 (s. 3H), 2.43 (t, 2H), 
2.52-2.67 (m, 3H), 2.75-2.79 (m, IH), 3.32 (br s, 7H), 3.46 (m, IH), 3.57 (s, 2H), 3.61 (s, 
2H), 4.325 (d, IH), 5.16 (s, IH), 5.77 (d, IH), 5.91 (t, IH), 6.60 (t, IH), 6.93 (d, IH), 7.24 
(m, IH), 7.30-7.37 (m, 4H), 7.48 (s, IH), 7.51 (d. 2H), 7.85 (d, 2H), 8.47 (s, IH), 8.77 (s, 
' 10 IH). 



Example 70: Preparation of Compound # 1253 




15 



Compound #1253 was prepared according to the procedure described for 
compound #1059 using 1,2,3,4-tetrahydroisoquinoline instead of morpholine. Rf = 0.44 in 
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80:15:5 CH2CI2: EtOAc: MeOH. NMR CDCI3 5 0.94 (d, 3H), 0.96 (d, 3H), 1.71 (br s, 
2H), 1.80 (br s, 4H), 2.04 (s, 3H), 2.53-2.65 (m, 3H), 2.75-2.78 (m, 3H), 2.93 (t, 2H), 3.33 
(br s, 7H), 3.45-3.48 (m, IH), 3.66 (s, 2H), 3.77 (s, 2H), 4,33 (d, IH), 5.17 (s, IH), 5.78 (d, 
IH), 5.92 (t, IH), 6.58 (t, IH), 6.945 (d, IH), 6.99 (d, IH), 7.10-7.14 (m, 3H), 7.49 (s, 
5 IH), 7.57 (d, 2H), 7.88 (d, 2H), 8.48 (s, IH), 8.77 (s, IH). 



1 7-Carb amate-geldanamvcins 

Example 71: Preparation of Compound #656 




10 A solution of 17-aminogeldanamycin (0.6 g, 1 .10 mmol) in EtOAc (120 ml) was 

treated with Na2S204 (10%, 10 ml) at rt. After 2 h, the aqueous layer was extracted twice 
with EtOAc aad the combined organic layers were dried over Na2S04 and concentrated 
under reduce pressure to give 18,21-dihydro*17-aminogeldanamycin as a yellow solid. 
This latter was dissolved in anhydrous THF (5 ml) and transferred via cannula to a mixture 

15 of ethyl chloroformate (0.11 ml, 1,15 mmol) and MS4A (1.2 g) in THF (3 ml) at 0*^C. 

After 12 hours at room ten5)erature, EfN(z-Pr)2 (0.38 ml), CUSO4 (60 mg, 0.37 mmol) and 
MeOH (2 ml) were fiirflier added to the reaction mixture. After 2h, the reaction mixture 
was filtered and concentrated under reduce pressure. The crude material was dissolved in 
EtOAc (100 ml) and washed with 2N HQ (10 ml) and sat. NaHCOs (10 ml), dried over 

20 Na2S04 and concentrated under reduce pressme to give the crade material which was 
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purified by flash chromatography to give 17-ethoxycaibonyl-ainiiiogeldanamycm as a 
yeUow soUd (0.25 g, 40%). Rf = 0.31 in 80:15:5 CH2CI2: EtOAc: MeOH. *HNMR CDCI3 
5 0.94 (t, 6H), 1.32 (t, 3H), 1.62-1.74 (m, 3H), 1.78 (s, 3H). 2.02 (s, 3H), 2.58 (d, 2H). 
2.76 (m, IH), 3.32 (s, 3H), 3.34 (s, 3H). 3.31-3.34 (m, IH), 3.42-3.44 (m, IH), 4.23 (q, 
5 2H), 4.32 (d, IH), 5.16 (s. IH). 5.74 (d, IH), 5.90 (t. IH). 6.56 (t. IH), 6.91 (d. IH), 7.44 
(s. IH), 8.73 (s, IH). 

Example 72: Preparation of Compound #709 



H 


0 


n II 




0 A 






ft2NOCQ 











The compound #709 was prqpared according to the procedure described for 
10 compound #656 using 4'-acetoxy-benzyl chlorofonnate (freshly prepared fiom parar 
acetoxybenzyl alcohol) instead of ethylddoroformate. Rf = 0.41 in 80:15:5 CBfeCh: 
EtOAc: MeOH. 'H NMR CDQa 0.92 (d, 3H). 0.93 (d. 3H), 1.61-1.73 (m, 3H), 1.77 (s. 
3H). 2.01 (s. 3H). 2.30 (s, 3H), 2.55 (d, 2H). 2.74-2.78 (m, IH). 3.32 (s. 3H), 3.33 (s, 3H)i 
- -- 3.3(^3.33(m,.lH),3.40-3.43<m,lH).431(d,lII).5.15(SilH);5d7(s,2E^.5.73(d,- - 
15 IH), 5.90 (t. IH), 6.54 (t, IH). 6.91 (d. IH), 7.10 (d, 2H), 7.35 (s, IH), 7.41 (d, 2H), 7.42 
(s, IH), 8.72 (s, IH). 
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Example 73: Preparation of Compound #736 




The compoimd #736 was prepared according to the procedure described for 
compoimd #656 using benzyl chlorofonnate instead of ethylchloroformate. Rf = 0.38 in 



5 80:15:5 CH2CI2: EtOAc: MeOH. 'HNMR CX>Cl3 0.92 (d, 3H), 0.95 (d, 3H), 1.64-1.74 (m, 
3H), 1.78 (s, 3H), 2.03 (s, 3H), 2.59 (d, 2H), 2.74-2.78 (m, IH), 3.32 (s, 3H), 3.34 (s, 3H), 
3.31-3.34 (m, IH), 3.42-3.45 (m, IH), 4.32 (d, IH), 5.16 (s, IH), 520 (s, 2H), 5.74 (d, 
IH), 5.91 (1, IH), 6.57 (t, IH), 6.92 (d, IH), 7.34 (s, IH), 736-7.40 (m, 5H), 7.44 (s, IH), 
8.73 (s. IH). 

10 Example 74: Preparation of Compoimd #737 



The confound #737 was prepared according to the procedure described for 
compound #656 using cyclopentyl-me&yl chlorofonnate (fieshly prepared from 
cyclopentane methyl alcohol) instead of ethylchloroformate. Rf = 0.30 in 80:15:5 CH2CI2: 
15 EtOAc: MeOH. ^H NMR CDCI3 0.92-0.96 (m, 6H), 1 .24-1.30 (m, 2H), 1.54-1.66 (mi, 4H), 
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1.70-1.75 (m, 5H), 1.78 (s, 3H), 2.02 (s, 3H), 2.20-2.27 (m, IH), 2.58 (d, 2H), 2.74-2.78 
(m, IH), 3.32 (s, 3H), 3.34 (s, 3H). 3.32-3.34 (m, IH), 3.42-3.45 (m, IH), 4.01-4.08 (m, 
2H), 4.31 (d, IH), 5.16 (s, IH), 5.75 (d, IH), 5.90 (t, IH), 6.56 (t, IH), 6.91 (d, IH), 7.28 
(s, IH), 7.43 (s, IH), 8.73 (s, IH). 



The compound #748 was prepared according to the pioceduie described for 
cQiiq)otmd #656 using 7-bromohqptyl chlorofonnate instead of eth^chlorofonnate. Rf = 



10 0.49 in 80:15:5 CHjCk: EtOAc: MeOH. *H NMR CDCI3 0.94 (t, 6H), 1.27-1.48 (m, 6H), 
1.65-1.75 (m, 5H), 1.78 (s, 3H), 1.82-1.90 (m, 2H), 2.02 (s, 3H), 2.58 (d, 2H), 2.74-2.78 
(m, IH), 3.32 (s, 3H), 3.34 (s, 3H), 3.31-3.34 (m, IH), 3.39-3.44 (m, 3H), 4.16 (t, 3H), 
4.32 (d, IH), 5.16 (s, IH), 5.74 (d, IH), 5.90 (t, IH), 6.56 (t, IH), 6.92 (d, IH), 7.28 (s, 

" lH),7.44'(s,lH),'8.73"(s,lH). • •- • 



5 



Example 75: Preparation of Compound #748 




O 



15 
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Example 76: Preparation of Compound #749 




The coinpound #749 was prepared according to the ptoceduie described for 
compound #656 using isobutyl chloioformate instead of ethylchloroformate. Rf = 0.44 in 
5 80:15:5 CSi2Cl2: EtOAc: MeOH. 'H NMR CDCI3 0.94-0.97 (m, 12H), 1.65-1.74 (m, 3H), 
1.78 (s, 3H), 1.93-2.01 (m, IH), 2.02 (s, 3H), 2.58 (d, 2H). 2.74-2.78 (m, IH), 3.32 (s, 
3H), 3.34 (s, 3H), 3.31-3.34 (m, IH), 3.43-3.45 (m, IH), 3.91-4.00 (m, 2H), 4.31 (d, IH), 
5.16 (s, IH), 5.74 (d, IH), 5.90 (t, IH), 6.56 (t, IH), 6.92 (d, IH), 729 (s, IH), 7.44 (s, 
IH), 8.73 (s, IH). 



The compound #750 was prepared according to the procedure described for 
compound #656 using butyl chlorofoimate instead of ethylchloroformate. Rf = 0.44 i 



15 80:15:5 CH2CI2: EtOAc: MeOH. 'H NMR CDCU 0.93-0.97 (m. 9H), 1.36-1.45 (m, 2H), 
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Example 77: Preparation of Compomid #750 
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1.62-1.74 (m. 5H). 1.77 (s. 3H), 2.01 (s. 3H), 2.56 (d, 2H), 2.73-2.78 (m, IH), 3.31 (s, 
3H), 3.33 (s, 3H), 3.31-3.33 (m. IH), 3.41-3.44 (m, IH). 4.16 (t. 2H). 4.31 (d, IH) 5 I4 
IH), 5.74 (d, IH), 5.90 (t. IH), 6.54 (t. IH), 6.91 (d, IH). 7.28 (s, IH). 7.42 (s, Iffi 8 73 
(s, IH). 



Example 78: Preparation of Componnd #765 




The compound #765 was prepared according to the procedure desoibed &a 
compound #656 using 7-JV.moipholino-heptyl chlorofonnate (fiesMy prepared fiom 7-(N- 
maipholino).l.heptanol HQ) instead of ethylcMoiofoimate. Rf = 0.24 in 80:15:5 CHjCb- 
EtOAc: MeOH. ^H IJMR CDa, 0S4 (d. 3H). 0.95 (s, 3H), 1.38(br s. 5H). 1.57 (br s. 4H)! 
1.65-1.75 (m, 4H). 1.78 (s. 3H). 1.84-1.87 (m, 4H), 2.03 (s, 3H). 2.53 (d, 2H), 2.57-2.59 ' 
(m. 2H). 2.74-2.76 (m. IH). 3.32 (s, 3H), 3.34 (s, 3H), 3.32-3.34 (m. IH), 3.41-3.43 (m, 
IH), 3.73-3.76 (m.4H); 4.15-4.17 (m,2H). 4.32 (d. iH),5.16(s. lH),5.74(d, 1H),5.91 
(t. IH), 6.56 (t, IH), 6.93 (d, IH), 7.28 (s, IH), 7.43 (s, IH). 8.73 (s. IH). 
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Example 79: Preparation of Compound #766 




The conq)ound #766 was prepared according to the procedure described for 
compound #656 using 4'-pivaloxy-ben2yl chlorofonnate (freshly prepared fiom 4- 
piveloxy-benzyl alcohol) instead of ethylchlorofoimate. Rf = 0.47 in 80:15:5 CH2CI2: 
EtOAc: MeOH. NMR CDCI3 0.92 (d, 3H), 0.95 (d, 3H), 1.36 (s, 9H), 1.64-1.74 (m, 
3H). 1.78 (s, 3H), 2.03 (s, 3H). 2.56-2.58 (m, 2H), 2.74-2.79 (m, IH), 3.32 (s, 3H), 3.34 (s, 
3H), 3.32-3.34 (m. IH), 3.42-3.45 (m. IH), 4.32 (d. IH), 5.16 (s. IH). 5.18 (s, 2H), 5.74 ' 
(d, IH). 5.91 (t, IH), 6.56 (t, IH), 6.91 (d. IH), 7.08 (d. 2H), 7.33 (s. IH), 7.41 (d, 2H), 
7.44 (s,lH), 8.72 (s,lH). 



Example 80: Preparation of Compouid #822 
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The compomd #822 was prepared according to the procedure described for 
compound #656 using 4-iV-morpholino-butyl chlorofonnate (freshly prepared from 4-(N- 
morpholino)-l-butanol-HCl) instead of ethylchlorofonnate. Rf = 0.20 in 80:15:5 CH2CI2: 
EtOAc: MeOH. ^HNMR CDCI3 0.93 (d, 6H), 1.57-1.64 (m, 2H), 1.68-1.75 (m, 5H), 1.77 
5 (s, 3H), 2.01 (s, 3H), 2.39-2.42 (m, 2H), 2.48 (br s, 4H), 2.56 (d, 2H), 2.73-2.78 (m, IH), 
3.30-3.33 (m, 7H), 3.40-3.44 (m, IH), 3.74 (t, 4H), 4.18 (t, 2H), 4.31 (d, IH), 5.14 (s, IH), 
5.73 (d, IH), 5.90 (t, IH), 6.54 (t, IH), 6.91 (d, IH), 7.28 (s, IH), 7.42 (s, IH), 8.72 (s, 
IH). 



10 Example 81 : Preparation of Compoimd # 495 




A solution of 17-aininogeldanamycin (20 mg, 0.036 mmol) in EtOAc (10 ml) was 
treated with Na2S204 (10%, 0.5 ml) at rt After 2 h, the aqueous layer was extracted twice 
with EtOAc and the combined organic layers were dried over 18,21-dihydro-17- 

15 aminogeldanamycin as a brown solid. This latter was dissolved in anhydrous THF (2 ml) 
under nitrogen atmosphere and to the resulting solution was added allylisocyanate (64 
0.072 mmol) at rt. After Ih, the solvent was removed under reduce pressure whereby the 
residue was dissolved in MeOH and stirred over night in presence of silica. After 
filtration, the solvent was removed under reduce pressure and the residue was purified by 

20 flash chromatography to give l-allyl-3-(17-geldaaamycinyl)-urea as a brick colored solid 

(5 mg, 22%)..Rf = 0.38 in 80:15:5 CH2CI2: EtOAc: MeOH. 'H NMR CDCI3 50.92 (d, 3H), 
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0.95 (d, SH), 1.61-1.72 (m, 3H), 1.78 (d, 3H), 2.03 (s, 3H), 2.55 (brd, 2H), 2.74-2.78 (m, 
IH), 3.31 (s, 3H), 3.34 (s, 3H), 3.31-3.34 (m. IH), 3.90 (br s, 2H), 4.31 (d, IH), 5.16 (s, 
IH), 5^0-5.29 (m, 3H), 5.79 (d, IH), 5.84-5.94 (m, 2H), 6.57 (t, IH), 6.92 (d, IH), 7.28 
(s, IH), 7.41 (s, IH), 8.79 (s, IH). 



Compound #515 was prepared according to the procedure described for compoimd 
#495 using p-fluorobenzyl isocyanate instead of allylisocyanate. Rf = 0.42 in 80:15:5 



10 CH2CI2: EtOAc: MeOH. Mp = 175-177°C. NMR CDQa 50.93 (m, 6H), 1.68 (br s, 

2H), 1.77 (br s, 4H), 2.02 (s, 3H), 2.50-2.55 (m, 2H), 2.74-2.78 (m, IH), 3.31 (s, 3H), 3.33 
(s. 3H), 3.29-3.32 (m, IH), 3.40-3.43 (m, IH), 4.30 (d, IH), 4.41 (d, 2H), 5.14 (s, IH), 
5.75 (m, 2H), 5.89 (t, IH), 6.56 (t, IH), 6.91 (d, IH), 7.01-7.05 (m, 2B0, 7.28-7.31 (m, 
2H), 7.37-7.39 (m, 2H), 8.78 (s, IH). 



Example 82: Preparation of Compound # 515 




15 
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11-Ester-geldanamvcin 

HO HO 




Example 83: Preparation of Compound # 984 




• S 28.5 mg (0.04 mmol, 1 eq.) of CQmpound #563 was combined in a flask with 15.9 

mg (0.1 1 nmiol^ 2.8 eq) tfaiopheneacetic acid, 22.5 mg (0.11 mmol, 2.8 eq) DCQ 2.1 mg 
(0.02 nmiol, 0.43 eq) DMAP and 1.5 mL of anhydrous CH2CI2. After stirring at room 
temperature for 16 hours, the reaction mixture was diluted with CH2CI2, filtered, and 
concentrated under vacuum. The residue was chromatographed using 40% Acetone/60% 

10 Hexanes to afford 9.5 mg (28 % yield) of the ester as a yellow powder. Compound #984 
was purified by preparative TLC 40 % Acetone/60 % Hexanes (Rf = 0.32) NMR 
(CDCI3, 400 MHz) 5 0.89 (d, 3H), 1.02 (d, 3H), 1.18 (m, IH), 1.52 (m, IH), 1.75 (s, 3H), 
1.83 (m, IH), 2.03 (s, 3H), 2.44 (dd, IH), 2.52 (m, IH), 2.90 (m, IH), 3.32 (s, 3H), 3.36 (s, 
3H), 3.42 (m, IH), 3.73 (s, 2H), 4.31 (d, IH), 4.79 (br, 2H), 4.91 (m, IH), 5.02 (d, IH), 

15 5.06 (s, IH), 5.83 (t, IH), 6.57 (t, IH), 6.81 (d, IH), 6.89 (dd, IH), 7.15 (dd, IH), 7.29 (m, 

IH), 7.36 (s, IH), 7.53 (m, 2H), 7.62 (m, IH), 7.92 (m, 2H), 8.35 (s, IH), 8.78 (s, IH) 
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Example 84: Preparation of Compound # 960 




Compound #960 was prepared according to the procedure described for conq)ound 
5 #984 using 2-ethoxyacetic acid instead of thiopheneacetic acid. Compound #960 was 
purified by preparative TLC 60 % CH2CI2/35 % EtOAc/5 % MeOH (Rf = 035). NMR 
(CDCI3, 400 MHz) 6 0.96 (m. 6H). 1.18 (t, 3H). 1.25 (m, IH), 1.61 (m. IH), 1.71 (m, IH). 
1.76 (s, 3H), 2.05 (m, 3H), 237 (dd, IH), 2.68 (m, IH), 2.90 (m, IH), 3.33 (s, 3H), 3.36 (s, 
3H), 3.48 (m, 3H), 3.95 (d, IH), 4.12 (d, IH), 4.43 (d, IH), 4.79 (br, 2H), 5.01 (m, IH), 
10 5.18 (m. 2H), 5.84 (t, IH), 6.58 (t, IH), 7.37 (s. IH), 7.39 (m, IH), 7.52 (m, 2H), 7.60 (m. 
IH), 7.91 (m, 2H), 8.40 (s, IH), 8.99 (s, IH). 



Example 85: Preparation of Componnd # 981 
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Compound #981 was prepared according to the procedure described for compound 
#984 using 2-bromoacetic acid instead of thiopheneacetic acid. Compound #981 was 



purified by preparative TLC 80 % CH2CI2/I5 % EtOAc/5 % MeOH (Rf = 0.32). NMR 
(CDCI3, 400 MHz) 6 0.88 (d, 3H), 0.97 (d, 3H), 1.25, (m, 2H), 1.77 (s, 3H), 1.86 (m, IH), 
5 2.05 (s. 3H), 2.45 (m, IH), 2.61 (m, IH), 2.96 (m, IH), 3.33 (s, 3H), 3.39 (s, 3H), 3.48 (m, 
IH), 3.68 (d, IH), 3.76 (d, IH), 4.39 (d, IH), 4.60 (br, 2H), 4.97 (m, IH), 5.19 (s, IH), 
5.24 (d, IH), 5.86 (t, IH), 6.59 (t, IH), 7.29 (m, IH), 7.40 (s, IH), 7.52 (m, 2H), 7.62 (m, 
IH), 7.91 (m, 2H), 8.40 (s, IH), 8.85 (s, IH). 



Compound #982 was prepared according to the procedure described far conq)ound 
#984 using trans-3-(2-fhienyl) acrylic add instead of thiopheneacetic add. Compound 
it9S2 was purified by preparative TLC 60 % CH2CI2/35 % EtOAc/5 % MeOH (Elf = 0.36). 
*H1SIMR (CDCI3, 400 MHz) 5 0.95 (m, 3H), 1.10 - 1.15 (m, 4H), 1.49 (m, IH), 1.82 (d, 
15 3H), 2.08 (m, 11^, 2.1 1 (s, 3H), 2.32 (m, IH), 2.58 (dd, IH), 3.04 (m, IH), 3.34 (s, 3H), 
3.40 (m, IH), 3.45 (s, 3H), 4.43 (d, IH), 4.75 (br, 2H), 4.96 (dd, IH), 4.99 (s, IH), 5.14 (d, 
IH), 5.85 (t, IH), 5.97 (d, IH), 6.63 (t, IH), 7.07 (dd, IH), 7.30 (m. 2H), 7.40 (m. 2H), 
7.50 (m, 2H), 7.60 (m, 2H), 7.89 (m, 2H), 8.30 (s, IH), 8.87 (s, IH). 



Exanqple 86: Preparation of Compound # 982 



10 
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Example 87: Preparation of Compound # 983 




Compound #983 was prepared according to the procedure described for compound 
#984 using pheaylacetic acid instead of thiopheneacetic acid. Compound #983 was 
5 purijaed by preparative TLC 40 % Acetone/60 % Hexanes (Rf = 0.3). 'H NMR (CDOs, 
400 MHz) 5 0.83 (d, 3H), 1.01 (d, 3H), 1.16 (m, IH), 1.50 (m, IH), 1.71 (d, 3H), 1.89 (m, 
IH), 2.03 (s, 3H), 2.46 (m, 2H), 2.85 (m, IH), 3.30 (s, 3H), 3.34 (s, 3H), 3.40 (m, IH), 
3.50 (q, 2H), 4.25 (d, IH), 4.87 (m. 4H), 5.80 (t, IH), 6.55 (t, IH), 7.12 (m, 2H), 7.32 - 
132 (m, 5H), 7.36 (s, IH), 7.53 (m 2H), 7.63 (m, IH), 7.93 (m, 2H), 8.38 (s, IH), 8.74 (s, 
10 IH). 

Exanqtle 88: Preparation of Conq>onnd # 985 
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Compoxmd #985 was prepared according to tiie procedure described for conqjound 
#984 using hexanoic acid instead of thiopheneacetic acid. Conq)Ound #985 was purified 
by preparative TLC 35 % Acetone/65 % Hexanes (Rf = 0.3).^H NMR (CDCla, 400 MHz) 
5 0.86 (t, SET), 0.93 (d, 3H), 1.06 (d, 3H). 1.25 - 1.07 (m, SH), 1.45 (m, 3H), 1.78 (s, 3H), 
1.92 (m, IH), 2.05 (s, 3H), 2.15 (m. 2H), 2.49 (d, 2H), 2.92 (m, IH), 332 (s, 3H), 3.39 (m, 
IH). 3.41 (s, 3H), 4.39 (d, IH), 4.77 (br, 2H), 4.93 (m, IH), 5.16 (s, IH), 5.29 (d, IH), 
5.86 (t, IH), 6.62 (t, IH), 7.36 (s, IH), 7.38 (d, IH), 7.52 (m, 2H), 7.62 (m, IH), 7.92 (m, 
2H), 8.38 (s, IH), 8.84 (s, IH). 

1 1 -nviTne- fyftlHanamycin 




^ 5g 

Example 89: Preparation-of Compound #1011 - 
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Allylhydroxjdamine hydrochloride (0.032g, 0.29mmol, 8.35 eq) was added to a 
flask contaiimig 0.021 g (0.032 mmol, 8.35 eq) of #868 and 38 pL (0.29nimol, 8.35 eq) 
triethylainine in 1 mL of efhanol. The reaction was stirred for 24 hours at room 
temperature and then concentrated und^ vacuum. Compound #1011 was obtained (1 8 
5 mg, 78% yield) as a yellow solid after Preparative TLC (40% Acetoa^60% Hexanes, Rf = 



0.3). 'H NMR (CDCiz, 400 MHz) 5 0.86 (d, 3H), 1.24 (m, 3H), 1.52 (m, IH), 1.70 (m, 
IH), 1.77 (m, IH), 1.83 (d, 3H), 2.03 (m, 3H), 2.48 (dd, IH), 2.88 (dd, IH), 3.27 (s, 3H), 
3.28 (s, 3H), 3.93 (m, IH), 4.03 (t, IH), 4.27 (d, IH), 4.54 (d, 2H), 4.81 (br, 2H), 5.10- 
5.24 (m, 3H), 5.76 (d, IH), 5.83-5.89 (m, IH), 5.89-5.98 (m, IH), 6.53 (t, IH), 7.01 (br, 
10 IH), 7.43 (s, IH), 7.53 (m, 2H), 7.62 (m, IH), 7.92 (m, 2H), 8.52 (s, IH), 8.92 (s, IH) 



Con:q)Ound #1 012 was obtained in the same fashion as #101 1 using O-metiiyl 
hydroxylamine hydrochloride instead of allylhydroxylamine hydrochloride. Preparative 



15 TLC (40% Acetone/60% Hexanes, Rf » 0.28) afforded #1012 (22 mg, 68 % yield) as a 
yellow soUd. ^H NMR (CDCI3, 400 MHz) 5 0.87 (d, 3H), 1.22 (d, 3H), 1.55 (m, IH), 1.66 
(m, IH), 1.77 (s, IH), 1.82 (s, 3H), 2.03 (s, 3H), 2.49 (dd, IH), 2.89 (dd, IH), 3.28 (s. 3H), 
3.30 (s, 3H), 3.82 (s, 3H), 3.86 (m, IH), 4.0 (t, IH), 4.24 (d, IH), 4.86 (br, 2H), 5.17 (s. 
IH), 5.75 (d, IH), 5.85 (t, IH), 6.54 (t, IH), 7.01 (br. IH), 7.42 (s, IH), 7.53 (t, 2H), 7.62 

20 (t, IH), 7.93 (d, 2H), 8.53 (s, IH), 8.92 (s, IH). 



Example 90: Preparation of Compomid # 1012 
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Example 91: Preparation of Compound # 1013 




Compound #1013 was obtained in the same fashion as #1011 using 0-ethyl 
hydioxylamine hydrochloride instead of allylhydroxylamine hydrochloride. Preparative 
5 TLC (40% Acetone/60% Hexanes, Rf = 0.29) afforded #1013 (27 mg, 75 % yield) as a 
yellow soUd 'H NMR (CDCI3, 400 MHz) 6 0.87 (d, 3H), 1.22 (m, 6H), 1.52 (m, IH), 
1.68 (m, IH), 1.75 (s, IH), 1,80 (s, 3H), 2.03 (s, 3H). 2.49 (dd, IH), 2.89 (dd, IH), 3.27 (s, 
3H), 3.29 (s, 3H), 3.90 (m. IH), 4.07 (m, 3H), 4.26 (d, IH). 4.83 (hr. 2H), 5.18 (s. IH), 
5.72 (m. IH), 5.86 (m, IH), 6.54 (m, IH), 7.01 (br, IH), 7.42 (s, IH), 7.53 (m, 2H), 7.62 
10 (m, IH), 7.92 (d, 2H), 8.52 (s, IH), 8.92 (s, IH) 

1 7-Arvl-geldaiiaTnyciTi 

Example 92: Preparation of Componnd #133 
Step 1: Preparation of 17-OTf-geldanamycin. 

To apurple solution of 17-hydroxy-geldanamycin (0.68 g, 1.24 mmol) and (i-Pr)2NEt 
15 (0.43 ml) in CH2CI2 at 0°C was added diopwise the triflic anhydride (0.28 ml, 1.62 mmol). 
After 30 min, the reaction mixture was concentrated undra: reduce pressure. The crude 
material was then purified by flash chromatography to give 17-OTf-geldanamycin as a 
yellow soUd (0.62 g, 74%). Rf = 0.28 in 80:15:5 CH2a2: EtOAc: MeOH. 'H NMR 
(CDCI3, 500 MHz) 6 0.89 (d, 3H), 1.09 (d, 3H), 1.53-1.62 (m, 2H). 1.68-1.74 (m, IH), 
20 1.77 (s, 3H), 2.03 (s, 3H). 2.49 (dd, IE), 2.58 (dd, IH), 2.78-2.83 (m, IH), 3.25-3.27 (m, 
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IH), 3.30-3.32 (m, IH), 3.35 (s. 3H), 3.38 (s. 3H), 4.32 (d, IH), 5.10 (s. IH), 5.59 (d, IH), 
5.96 (dd, IH), 6.55 (t, IH). 6.92 (d, IH), 7.58 (s, IH), 8.60 (s, IH). 

Step 2: A solution of 17-OTf-geldaiiamydn (0.20 g, 0.30 iranol), cesiim bromide (128 
mg, 0.60 mmol), cesium fluoride (91 mg, 0.60 mmol), Pd(dba)2 (43 mg, 0.075 mmol) and 
5 phenyl boronic acid (73 mg, 0.60 mmol) in dioxane was heated at 40°C for 12 hours 
whereupon it was cooled down to rt and concentrated under reduce pressure to give flie 
crude product. This latter was dissolved in EtOAc and washed with sat. NaHCOs, dried 
ova: Na2S04 and concentrated under reduce pressure. The crude material was purified by 
flash chromatogrq)hy to give 17-phenyl-geldanamycin as a yellow solid (90 mg, 50%). Rf 
10 = 0.49 in 80:15:5 CHjCU: EtOAc: MeOH. MdR (CDCk) 5 0.71 (d, 3H), 0.98 (d, 3H), 
1.53-1.63 (m, 3H), 1.79 (s, 3H). 2.04 (s. 3H). 2.35 (dd, IH), 2.54-2.60 (m, IH), 2.73-2.77 
(m, IH), 3.31 (s, 3H), 3.34 (s, 3H), 3.35-3.37 (m, IH), 3.47-3.52 (m, IH), 436 (d, IH), 
5.24 (s, IH), 5.75 (d, IH), 5.90 (t, IH), 6.58 (t, IH), 6.96 (d, IH), 7.12-7.14 (m, m), 7.40- 
7.43 (m, 3H), 7.56 (s, IH), 8.68 (s, IH). 

Example 93: Preparation of Coiiq>oniid #212 

Compound #212 was prq)ared according to the procedure desoibed for 17-phenyl- 
geldanamydn except that 2-mefhoxy-phenyl boronic acid was used instead of phenjd 
boronic acid. Rf = 0.36 in 80:15:5 CH2CI2: EtOAc: MeOH. 'H NMR (CDQa) 8 0.98 (d, 
3H), 1.04 (d, 3H), 1.53-1.63 (m, 3H), 1.80 (s, 3H), 2.03 (s, 3H), 2.52-2.62 (m, 2H), 2.78- 
. .20 2.83-(m, lH),2.85.(d, IH), 332 (s, 3H), 336 (s, 3H), 3.37-339 (m. IH),- 3.54-3.56 (m. 

IH), 3.76 (s, 3H), 4.34 (d, IH), 5.19 (s, IH), 5.83 (d, IH), 5.90 (t, IH), 6.58 (t, IH), 6.89- 
6.92 (m, 2H), 6.96 (hr d, 2H), 7.06 (hr t, IH), 7.29 (s, IH), 8.74 (s, IH). 

Example 94: Synthesis of Componnd #232 
Con^jonnd *G32 was prepared accwding to the procedure described for 17-phenyl- 
25 geldanamycin except tiiat 2-thiophene boronic add was used instead of pheiqd boronic 
add. Rf = 0.50 in 80:15:5 CH2CI2: EtOAc: MeOH. ^HNMR (CDCI3) 8 0.82 (d, 3H), 0.97 
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(d, 3H), 1.50-1.603 (m, 3H), L78 (s, 3H), 2,05 (s, 3H), 2.42-2.50 (m, 2H), 2.76-2.81 (m, 
IH), 3.33 (s, 3H), 3.34 (s, 3H), 3.33-3.36 (m, IH), 3.48-3.50 (m, IH), 4.35 (d, IH), 5.21 
(s, IH), 5.72 (d, IH), 5.91 (t, IH), 6.57 (t, IH), 6.92 (d, IH), 7.12-7.14 (m, IH), 7.55 (s, 
IH), 7.55-7.58 (m, 2H), 8.68 (s, IH). 

5 8-hvdroxvmethvl GM analogs 

The following general synthetic scheme is applicable to Examples 95: 




Example 95: Preparation of Componnd ^14 



o 




. 10 . To Geldanamycin (SOOmg, 0.89imnol) in lOmL of dioxane was added 

selemiim(IV) dioxide (198mg, L78mmol) at room temperature. The reaction mixture was 
heated to lOO^C and stirred for 3 horns. After cooled down to room temperature, the 
solution was diluted with ethyl acetate, washed with water and brine, dried over 
magnesium sulfate, filtered and evaporated in vacuo. The final pure yellow product was 
15 obtained after colunan chromatography (silica gel); yield: 75%; ^H NMR (CDCI3) 8 
0.97(d, J=7.0Hz, 3H, CH3), 1.01(d, J=7.0Hz, 3H, CH3), 1.75(m, 3H, CH2+CH), 2.04(s, 
3H, CH3), 2.41(d, J=9.9Hz, IH, CH2), 2.53(t, J=9.9Hz, IH, CH2), 2.95(m, IH, CH), 
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3.30(111, 2H, CH+OH), 3.34(s, 6H, 2CH3), 3.55(m, IH, CH), 4.09(m, IH, CH2), 4.15(s, 
3H, CH3), 4.25(m, IH, CH2), 4.41(d, J=9.8Hz, IH, CH), 4.80(bs, 2H, CONH2), 5.32(s, 
IH, CH), 5.88(t, J=l 0.4Hz, IH, CH=), 6.04(d, J=9.7Hz, IH, CH=), 6.65(t, J=l 1.5Hz, IH, 
CH=), 6.95(0, J=l 1 .5Hz, IH, CH=). 732(s, IH, CH-Ar), 8.69(s, IH, NH); MS 
5 (m/z)575.6(M-l); 



Conqraund #915 was prepared by the same method described for compound #914 
except that 17-Amino-Geldaiiamycinwas used instead of Geldammycin. The final pure 



10 pmple product was obtained after column chromatography (silica gel); yield: 65%; mp 
288~290°C: NMR (CDCI3) 50.96(d, J=7.0Hz, 3H, CE3), 1.01(d, J=7.0Hz, 3H, CH3), 
1.75(m, 3H, CH2+CH), 1.95(t, J=10.4Hz, IH, CH2), 2.05(s, 3H, CH3), 2.65(d, J=10.4Hz, 
IH, CH2), 2.93(m, IH, CH), 3.32(s, 3H, CH3), 3.34(s, 3H, CH3), 3.45(m, 2H, CH+OH), 
3.62(t, J=7.8Hz, IH, CEO, 4.13(d4 J=12.4Hz, IH, CHj), 4.26(m, IH, CH2), 4.36(d, 

15 " J=6mz, OH), 4.40(d, J=10.0Hz, IH, CH), 4.80(bs, 2H, CONH2), 5:30(s, IH, CH), 
5,48(bs, 2H, NH2), 5.87(t, J=10.0Hz, IH, CH=), 6.09(d, J=10.0Hz, IH, CH=), 6.66(t, 
J=11.4Hz, IH, CH=), 6.97(d, J=11.4Hz, IH, CH=), 7.27(s, IH, CH), 9.09(s, IH, NH); 
MS(m/z)584.7(M+Na); 



Example 96: Preparation of Componnd #915 



o 




OH 



20 
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Example 97: Preparation of Compound #760 



CI- 




Compound #760 was prepared by the same method described for cortipound #914 
except that 17-(2'-chloioethylamino)-Geldanamycin was used instead of Geldanamycin. 
The final pure purple product was obtained after column chromatography (silica gel); 



yield: 79%; mp 1302^C~132.0°C; 'HNMR (CDCI3) 5 0.98 (d, J = 6.5 Hz, 3H, CH3), 1.03 
(d, J = 6.9 Hz, 3H, CH3), 1.79 (m, IH, CH), 1.83 (m, 2H, CH2), 2.04 (s, 3H, CH3), 2.26 
(m, IH, CH2), 2.70 (d, J = 13.5Hz, IH, CH2), 2.90(m, IH, CH), 3.32 (s, 3H, CH3), 3.34 (s, 
3H, CH3), 3.46 (m, IH, CH), 3.46 (m, IH, OH), 3.58 (t, J = 6.8Hz, IH, CH), 3,72 (t, J = 
5.5Hz, 2H. CH2), 3.90 (m, 2H, CH2), 4.10 (m, IH, OH), 4.27 (m, 2H, CH2), 4.41 (d. J = 
lO.OHz, IH, CH), 4.78 (s, 2H, NH2), 535 (s, IH, CH), 5.87( t, J = 10.5Hz, IH, CH), 6.09 
(d, J = 9.8Hz, IH, CH). 6.43 (t, J = 5.4Hz, IH, NH), 6.66 (t, J = ll.lHz, IH, CH), 6.98 (d, 
J = 12.4Hz, IH, CH), 7.30 (s, IH, CH). 9.09 (s, IH, NH); MS(m/z) 623.26 (M-l); 



Example 98: Preparation of Compound #842 
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Coiiq)ound #842 was prepared by the same me&od described for compound #914 
except that 17-methylammo-Geldanamycin was used instead of Geldanamydn and the 
reaction mixture was heated to 70°C for 24h. The final pure puiple product was obtained 
after column chromatography (silica geQ; yield: 79%; mp °C; 'H NMR (CDCI3) 5 0.99 (d, 

5 J = 8 Hz, 3H, CH3), 1.04 (d, J = 8 Hz, 3H, CH3), 1.77 (m, IH, CH), 1.80 (m, 2H, CH2), 
2.06 (s, 3H, CH3), 2.26 (m, IH, CH2), 2.67 (d, IH. CH2), 2.90(m, IH, CH), 3.2 (d, J=6Hz, 
3H, NCH3), 3.34 (s, 3H, CH3), 3.36 (s, 3H, CH3), 3.48 (m, 2H, OH+CH), 3.60 (t, J = 
6.8Hz, IH, CH), 4.11 (dd, J=12.44Hz. J=4.5Hiz, IE, CH2), 4.30 (dd, J=12Hz, J=4.5Hz, 
IH, CH2), 4.45 (d, J= lO.OHz, IH, CH),4.52 (bs, IH, OH), 4.78 (bs, 2H. NH2), 5.37 (s, 

10 IH, CH), 5.89( t, J = 10.5Hz, IH, CH=), 6.10 (d, J = 10 Hz. IH, CH=), 6.55 (m, IH, NH), 
6.66 (t, J = 12Hz, IH, CH=), 7.00 (d, J = 12Hz, IH, CH=), 7.30 (s, IH, CH=), 9.20 (s, IH, 
com); MS(m/z) 574 (M-1); 

8-snbstitnted GM analogs 

The following general syntibfitic scheme is applicable to Examples 99-100: 



15 
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Example 99: Preparation of Compound #863 




To compound #842 (30mg, 0.052nmiol) in ImL of TEJF was added Acetyl chloride 
(4.1 |al, 0.0574 mmol) and triethylamine (7.27 pi, 0.052 mmol). The reaction mixture was 
5 stirred at room temperature for 24 hours. The solvent was removed by rotary evaporation. 
The pure purple product was obtained after column chromatogn^hy (silica gel); yield: 
70%; 'H NMR (CDQa) 8 0.98 (d, J = 6.8 Hz, 3H, CH3), 1.06 (d, J = 6.8 Hz, 3H, CH3), 
1.78 (m, IH, CH), 1.81 (m, 2H, CH2), 2.06 (s, 6H, 2CH3), 2.60 (m, IH, CH2), 2.63 (d, IH. 
CH2), 2.85(m, IH, CH), 3.25 (d, J=6Hz, 3H, NCEIs), 3.26 (s, 3H, CH3), 3.36 (s, 3H, CH3), 
10 3.46 (m, IH, CH), 3.57 (t, J = 6.8Hz, IH, CH), 4.32 (d, J = lO.OHz, IH, CH), 4.62 (bs, IH, 
OH), 4.80 (d, J=12. Hz, IH, CH2), 4.90 (d, J=12Hz, IH, CH2), 5.27 (s, IH, CH), 5.90( t, J 
= 10.5Hz, IH, CH=), 6.30 (d, J = 10 Hz, IH, CH=), 6.54 (m. IH. NH), 6.66 (t, J = 12Hz, 
IH, CH=), 7.01 (d, J « 12Hz, IH, CH=), 7.31 (s, IH, CH=), 9.21 (s, IH, CONH); 
MS(m/z) 616 (M-1); 

15 Example 100: Preparation of Compound ^64 
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Compound #964 was prepared by the same method described for compound #863 
excq)t that chloroacetyl chloride was used instead of acetyl chloride. The final pniB pmple 
product was obtained after column chromatogr^hy (silica gel); yield: 55%; 'HNMR 
(CDCI3) 8 1.00 (d, J = 6.8 Hz, 3H, CH3). 1.06 (d, J = 6.8 Hz. 3H, CH3), 1.78 (m, IH, CH), 
5 1.81 (m, 2H, GH2), 2.06 (s, 6H, 2CH3), 2.63 (m, 2H. CH2), 2.85(m. IH. CH). 3.25 (d, 
J=6Hz, 3H. NCH3), 3.26 (s, 3H, CH3), 3.36 (s, 3H, CH3), 3.46 (m, IH, CH), 3.57 (t, J= 
6.8Hz, IH, CH). 4.08 (dd. 2H, CH2), 4.34 (d, J = lO.OHz. IH, CH), 4.62 (bs, IH, OH), 
4.90 (d, J=12. Hz. IH, CHz), 5.07 (d, J=12Hz, IH, CH2). 5.25 (s, IH. CH). 5.89( t, J = 
10.5Hz, IH, CH=), 6.35 (d, J = 10 Hz, IH. CH=), 6.44 (m. IH, NH). 6.56 (t, J = 12Hz. 
10 IH, CH=), 7.01 (d, J = 12Hz, IH, CH=), 7.31 (s, IH. CH=), 9.21 (s, IH, CONH); 
MS(m/z)651(M-l); 



8-hvdroxvmefliYl CIM aimer analogs 

The following genaral synthetic scheme is applicable to Ejcamples 101-102: 




Example 101: Preparation of Compound #970 




Confound #970 was prepared by the same method described for compoun(^3 
except that compound #914 was used uistead of Gddanamydn. The pure pmple product 
was obtained after colunm chromatogr^hy (silica gel); yield: 89%; ^H NMR (CDCly) □ 
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0.98(d, J=7.0Hz, 6H, 2CH3), 1.02(d, J=7.0H2, 6H, 2CH3), 1.76(m, 6H, 2CH2+2CH). 
2.03(s. 6H, 2CH3), 2.33(s. 3H, N-CH3), 2.40(t, J=10.7Hz, 2H, 2CH2), 2.66(d, J=14H2, 2H, 
2CH2), 2.74(t, J=5.6Hz. 4H, 2CH2), 2.89(m, 2H, 2CH), 3.32(s, 6H, 2CH3), 3.33(s, 6H, 
2CH3), 3.45(m, 4H, 2CH+20H). 3.56(m, 4H, 2CH2). 3.74(m, 2H, 2CH), 4.12(m, 2H, 
5 2CH2), 4.30(m, 2H, 2CH2), 4.42(d, J=10Hz, 2H, 2CH), 4.45(s, 2H. 20H). 4.82(bs, 4H. 
2CONH2), 5.34(s, 2H. 2CH), 5.89(t. J=11.3H2, 2H, 201=), 6.08(d, J=9.7Hz, 2H, 2CH=), 
6.68(t, J=11.0Hz, 2H, 2CH=), 6.80(t, J=4.5Hz, 2H, 2NH), 6.97(d, J=11.0H2, 2H. 2CH=), 
7.31(s, 2H. 2CH-Ar), 9.15(s, 2H, 2NH). 



Conq)OTind #950 was prepared by Ihe same method described for compound #237 
except that #914 was used instead of Geldanamycin. The pure purple product was 
obtained after column chromatogr^hy (silica gel); yield: 89%; TSMR (CDCI3) 5 
0.98(d, J=7.0Hz, 6H. 2C3I3), 1.02(d, J=7.0Hz, 6H, 2CH3), 1.76(m, 6H, 4CH2+2CH), 



15 1.88(m, 4H, 2CH2), 2.04(s, 6H. 2CH3), 2.43(t, J=10.7Hz, 2H, 2CH2), 2.66(d, J=10.7Hz, 
2H. 2CH2), 2.79(t, J=5.6Hz, 4H, 2CH2), 2.87(m, 2H, 2CH), 3.32(8, 6H, 2CH3), 3.34(s, 6H, 
2CH3), 3.45(m, 4H, ICM+IOH), 3.60(m, 4H, 2CH2), 3.74(m. 2H, 2CH), 4.12(d, 
J=10.0Hz, 2H, 2CH2), 4.30(d, J=10.0Hz. 2H, 2CH2), 4.42(d, J=10Hz, 2H, 2CH), 4.51(s, 
2H, 20H). 4.82(bs, 4H, 2CONH2). 5.34(s, 2H, 2CH), 5.89(t, J=11.3Hz, 2H, 2CH=), 

20 6.08(d, J=9.7Hz, 2H, 2CH=), 6.66(t, J=11.0H2, 2H, 2CH=). 6.99(d, J=11.0Hz, 2H, 2CH=), 
7.25(s. 2H, 2CH-Ar), 9.15(s, 2H, 2NH); MS 1221.1(M*H); 



Example 102: Preparation of Componnd #950 



10 
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8"hvdroxvlmetfavl-17 siibstitnted-ainino GM analogs 

The following general synthetic scheme is applicable to Examples 103-107: 



o 




Example 103: Preparation of Compound #967 
H 9 




To conq)oxmd #914 (SOmg, O.OSmmol) in 3mL of THF was added allylamine 
(3.Smg, 0.06mmol). The reaction mixture was stirred at room temperature for 24 hours. 
The solvent was removed by rotary evaporation. The pure purple product was obtained 
after column chromatography (silica gel); yield: 90%; NMR (CDCI3) 50.89(d, J=6.6Hz, 

10 3H, CH3), 1.03 (d, J=6.9Hz, 3H, CH3), 1.78(m, IH, CBQ, 1.82(m, 2H, CH2), 2.04 (s, 3H, 
CH3), 2.37(dd, J=13.7Hz, IH, CH2), 2.65(d, J=13.7Hz, IH, CH2), 2.90(m, IH, CH), 
3.33(s, 3H, CH3), 3.34(s, 3H, CH3), 3.45(m, 2H, CH+OH), 3.58(m, IH, CH), 4.14(m, 3H, 
CH2+CH2), 4.16(m, IH, CH2), 4.42(s, IH, OH), 4.43(d, J=10Hz, IH, CH), 4.75(bs, 2H, 
CONH2), 5.33(m, 2H, CH2=), 5.35(s, IH, CH), 5.91(m, 2H, CH-fCH=), 6.09(d, J=9.9Hz, 

15 IH, CH=), 6.46(t, J=5.8Hz, IH, NH), 6.66(t, J=11.6Hz, IH, CH-), 6.97(d, J=11.6Hz, IH, 
CH=), 7.30(s, IH, CH), 9.15(s, IH, NH); 

Example 104: Preparation of Compound #1126 
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H 9 



Compound #1 126 was prq>ared by fhe same method described in #967 except that 
N^-Dimethylediylaiediamine was used instead of allylamine. The pure purple product 

5 was obtained after column chromatogn^hy (silica geQ; yield: 80%; NMR (CDCI3) 5 
0.96(d, J=7.0Hz, 3H. CH3), 1.02(d, J=7.0Hz, H, CH3), 1.75(m, 3H, CH2+CH), 2.04(s, 3H, 
CH3), 2.29(8, 6H, 2C3I3), 2.42(m, IH, CH2), 2.47(t, J=6.0Hz, 2H, CH2), 2.64(d, J=14Hz, 
IH, CH2), 2.90(m, IH, CH), 3.33(s, 3H, CH3), 3.34(s, 3H, CH3), 3.46(m, 2H. CH-tOH), 
3.62(m, 2H, CH2). 3 .75(m, 1 H, CH), 4 .10(d, J=12Hz, 1 H, CH2), 4.28(dd, J= I2H2, IH, 

10 CH2), 4.42(d, J=l OHz, IH, CH). 4.70(s, 2H, NH2), 5.35(s, IH, CH), 5.87(t, J=10.6Hz, IH, 
CH), 6.10(d, J=10.0Hz, IH, CH), 6.67(t, J=10.6Hz, IH, CH), 7.0(d, J=10.6Hz, IH, CH), 
7.22(s, IH, CH), 7.91(s, IH, NH), 9.21(s, IH, NH). 



A variation of the above is compound if952, having structure: 




15 



Compound #952 was prepared by the same method described for compoimd #967 
except that N,N-Dimethyl-l,3-propanediamine was used instead of allylamine. The pure 
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purple product was obtained after column chromatography (silica gel); yield: 85%; mp 
114^~115.6°C;'HNMR(CDCl3)5 0.96(d, J=7.0H2,3H,CH3), 1.02(d, J=7.0Hz,H, 
CHS), 1.75(m, 5H, CB2HnJ2+CH), 2.04(s, 3H, CHS), 2.29(s, 6H, 2CHS), 2.42(m, IH, 
CH2), 2.47(t, J=6.0Hz, 2H. CH2), 2.64(d, J=14Hz, IH, CH2), 2.90(m, IH. CH), 3.33(s, 
5 3H, CHS), 3.34(8. 3H. CHS), S.46(m, 2H. CH-K)H), S.62(m, 2H, CH2), S.75(m, IH, CH). 
4.10(d, J=12Hz, IH, CH2), 4.28(dd, J=12Hz, IH, CH2), 4.42(d, J=10Hz, IH, CH), 4.70(s, 
2H. NH2), 5.35(s, IH^ CH), 5.87(t, J=10.6Hz, IH. CH). 6.10(d, J=10.0Hz, IH, CH), 
6.67(t, J=10.6Hz, IH, CH), 7.0(d, J=10.6Hz, IH, CH), 7.22(s, IH, CH), 7.91(s, IH, NH), 
9.21(8, 1H,NH); 

10 Example 105: Preparation of Compound 



o 




Compound #956 was prepared by the same method described for compound #967 
except that Azetidine was used instead of allylamine. The final pure purple product was 
obtained after column chromatogr^hy (silica gel); yield: 89%; mp °C; ^H NMR (CDCI3) 

15. 6 0.99 (d, J = 6.8 Hz, 3H. CH3), 1.04 (d, J = 6.8 Hz, 3H, CH3), 1.77 (m, IH, CH), 1.80 (m, 
2H, CH2), 2.06 (s, 3H, CH3), 2.26 (m, IH, CH2), 2.50(m, 2H, CH2), 2.67 (d, IH, CH2), 
2.90(m, IH, CH), 3.34 (s, 3H, CH3), 3.36 (s, 3H, CH3), 3.48 (m, 2H, OH+CH), 3.60 (t, J = 
6.8Hz, IH, CH), 4.11 (dd. J=12Hz, J=4.5Hz. IH. CH2). 4.30 (dd, J=12H2, J=4.5Hz, IH, 
CH2), 4.45 (d, J = lO.OHz, IH, CH),4.72 (m, 5H, 2CH2-K)H), 4.78 (bs, 2H, NH2), 5.37 (s, 

20 IH, CH), 5.89( t, J = 10.5Hz, IH, CH=), 6.10 (d, J = 10 Hz. IH, CH=). 6.66 (t. J = 12Hz. 
IH, CH=), 7.00 (d, J = 12Hz, IH, CH=), 7.17 (s, IH, CH=), 9.20 (s, IH, CONH); 
MS(m/z)602(M+l); 
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Example 106: Preparation of Compound ^65 




Compound #965 was prepared by the same method described for #967 excqpt that 
2-methoxyethylamuie was used instead of allylamine. The final pure purple product was 
5 obtained after column chromatography (sihca gel); yield: 90%; mp °C; 'H NMR (CDCI3) 
5 0.99 (d, J = 8 Hz, 3H, CH3), 1.04 (d, J = 8 Hz, 3Et CH3). 1.77 (m, IH, CH), 1.80 (m, 2H. 
CH2). 2.06 (s, 3H, CH3), 2.26 (m, IH, CH2), 2.67 (d, IH, CH2), 2.90(m, IH, CH), 3.34 (s, 
3H, OCH3), 3.36 (s, 3H, OCH3), 3.44 (s, 3H, OCH3), 3.52 (m, 2H, OH+CH), 3.63(in, 4H, 
2CH2), 3.80 (m, IH, CH), 4.11 (dd, J=12.44Hz. J=4.5Hz, IH, CH2), 4.30 (dd, J=12Hz, 
10 J=^.5Hz. IH, CH2), 4.45 (d, J = lO.OHz, IH, CH),4.52 (bs, IH, OH),. 4.78 (bs, 2H, NH2), 
5.37 (s, IH, CH), 5.89( t, J = 10.5Hz, IH, CH=), 6.10 (d, J = 10 Hz, IH, CH=), 6.55 (m, 
IH, NH), 6.66 (t, J = 12Hz, IH, CH=), 7.30 (d, J = 12Hz, IH, CH=). 7.30 (s, IH, CH=), 
9.17 (s, IH, CONH); MS(m/z) 618 (M-1); 

Example 107: Preparation of Compound WJ9 



15 




Compound #979 was prepared by the same method described for compound #967 
except that 2-fIuoToeihylamine was used instead of allylamine. The final pure purple 
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product was obtained after colimm cbromatogiaphy (silica gel); yield: 90%; mp °C; *H 
NMR (CDCI3) 5 0.99 (d, J = 6.8 Hz, 3H, CH3), 1.04 (d, J = 6. 8 Hz, 3H, CH3), 1.77 (m, 
IH. CH), 1.80 (m, 2H, CHj). 2.06 (s, 3H, CH3), 2.26 (m, IH, CH2), 2.67 (d, IH, CH2), 
2.90(m, IH. CH). 3.34 (s. 3H, CH3), 3.36 (s, 3H. CH3), 3.48 (m. 2H. OH+CH), 3.60 (t, J = 
5 6.8Hz, IH, CH), 4.11 (dd, J=12.44Hz, J==4.5Hz, IH. CH2), 4.30 (dd, J=12Hz, J=4.5Hz, 
IH, CH2), 4.42 (bs, IH, OH), 4.45 (d, J = lO.OHz, IH, CH), 4.61(t, 2H, CH2), 4.75(t, 2H, 
CH2), 5.37 (s, IH, CH), 5.89( t, J = 10.5Hz, IH, CH=), 6.10 (d, J = 10 Hz, IH, CH=), 6.55 
(m, IH, NH), 6.66 (t, J = 12Hz, IH. CH=), 7.00 (d. J = 12Hz, IH, CH=), 7.30 (s, IH, 
CH=), 9.20 (s, IH, CONH); MS(ni/z) 607 (M-1); 

10 8-hvdroxvli «gtliyi-1 7 ami de GM analogs 



Compoiind #951 was prepared by the same method described for campound #563 
except that coinpound #915 was used instead of 17-aimnogeldanamycin. The final pure 



15 yellow product was obtained after column cbromatogr^hy (silica gel); yield: 80%; ^H 
NMR (CDCI3) 80.92(4 J=7.0Hz, 3H, CH3), 0.97(d, J=7.0Hz, 3H, CH3), 1.78(m, 3H, 
CH+CH2), 2.05(s, 3H, CH3), 2.60(m, 2H, CH2), 2.92(m, 2H, CHj), 3.32(s, 3H, CH3), 
3.37(s, 3H, CH3), 3.48(m, 2H, CH+OH), 4.14(dd, J=10.0Hz, IH, CH2), 4.25(dd, 
J=10.0Hz, IH, CH2), 4.42(d, J=9.5Hz, IH, CH2), 4.85(bs, 2H, CONH2), 5.30(s, IH, CH), 

20 5.92(t, J=10.2Hz, IH, CH=), 6.02(d, J=10.2Hz, IH, CH=), 6.67(t, J=11.5Hz, IH, CH=), 
6.95(d, J=11.5Hz, IH, CH=), 7.45(s, IH, CH-Ar), 7.52(t, J=7.8Hz, 2CH-Ar), 7.62(t, 



Example 108: Preparation of Compound #951 
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J=7.8Hz, IH, CH-Ar), 7.93(d, J=7.8H2, 2H, 2CH-Ar), 8.48(s, IH, NH), 8.87(s, IH, NH); 
MS(m/z)688.7(M+Na); 

8-hvdroxvlmethvl-17 carbomate GM analogs 

Example 109: Preparation of Compound #996 




Compound #996 was prepared by the same method described for compound #709 
excqpt that compound #915 was used instead of 17-aminogeldanamycin. The jGnal pure 
yellow product was obtained after column chromatography (silica gel); yield: 80%; mp 

10 134.5-150 decomposed; NMR (CDCli) 80.92(d, J=7.0Hz, 3H, CH3), 0.97(d, J=7.0Hz, 
3H, CH3), 1.78(m, 3H, CH+CH2), 2.05(s, 3H, CH3), 2.31(s, 3H, CH3), 2.60(dd, J=7.3Hz. 
IH, CH2), 2.81(dd, J=7.3Hz, IH, CH2), 2.93(m, IH, CH), 3.32(s, 3H, CH3), 3.33(m, IH, 
CH), 3.36(s, 3H, CH3), 3.44(m, 2H, CH+OH), 4.12(m, 2H, CH2), 4,27(m, IH, CH2), 
4.40(d, J=9.3Hz, IH, CH), 4.85(bs, 2H, CONH2), 5.18(s, 2H, CH2), 5.30(s, IH, CH), 

15 5.92(t, J=10.2Hz, IH, CH=), 5.96(d, J=10.2Hz, IH, CH=), 6.67(t, J=l 1.5Hz, IH, CH=), 
6.95(d. J=lL5Hz, IH, CH=), 7.12(d, J=9.2Hz, 2H, 2CH-Ar), 7.36(s, IH,' CH-Ar), ^^^s, 
IH, NH), 7.45(d, J=9.2Hz, 2H, 2CH-Ar), 8.71(s, IH, NH); MS(m/z)776(M+Na); 

11-keto GM dimer analogs 

The following general synthetic scheme is applicable to Examples 110-113: 
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Example 110: Preparation of Compound #841 




Compound #237 (lOOmg, 0.084mmol) was dissolved in CHCI3 (Sml) to which was 
added Dess-Martin reagent (107mg, 0^53mmol) at room temperature. After 24h the 
reaction was conq)lete and the mixture diluted with CHCI3, washed with aqueous sodium 
thiosul£ite and saturated aqueous sodium bicarbonate, and dried over sodium sul&te. The 
solvent was removed with a rotary ev^orator. The pure purple product was obtained after 
column chromatogr^hy (silica gel); yield: 78%; mp 151.2-152.9**C; ^HNMR (CDCI3) 6 
1.04(d, J=7.0Hz, 6H. 2CH3), 1.27(d, J=7.0Hz, 6H, 2CH3), 1.55(m, 4H, 2CH2), 1.80 (m. 
6H, 4CH2+2CH), 1.84{s, 6H, 2CH3), 2.0(s, 6H, 2CH3), 2.40(dd, J=14Hz, 2H, 2CH), 
2.64(dd J=14H2, 2H, 2CH), 2.83((m, 4H, 2CH2), 3.33(s, 6H, 2CH3). 3.34(s, 6H, 2CH3), 
3.67(m, 6H, 4CH2+2CH), 4.15(m, 2H, 2CH), 4.33(d, J=8.2H2, 2H, 2CH), 4.80(bs, 4H, 
2CONH2), 5.21(8, 2H, 2CH), 5.57(d, J=9.5Hz, 2H, 2CH), 5.85(t, J=8.4 Hz, 2H, 2CH), 
6.52(t, J=8.4Hz, 2H, 2CH), 6.89(s, 2NH), 6.97(d, J=8.4Hz, 2H, 2CH), 7.16(s, 2H, 2CH), 
9.27(s, 2H, 2NH); MS (m/z)1207.5 (M+Na); 

Exanqile 111: Preparation of Conqpound #865 
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Compouiid #865 was prepared by the same method described for #841 except that 
compound #483 was used instead of compound ^37. The pure pmple product was 
obtained aStec column chromatography (siUca gel); yield: 92%; mp 136.5~139°C; 

5 NMR (CDCI3) 51.06(d, J=7.0Hz, 6H, 2CH3), 1.27(d, J=7.0Hz, 6H, 2CH3), 1.70(m, 6H, 
2CH2+2CH), 1.84(s, 6H, 2CH3), 2.05(s, 6H, 2CH3), 2.33(s, 3H, N-CH3), 2.40(m, 2H, 
2CH2), 2.62(s, 6H, 2CH3). 2.67(m, 2H, 2CH2), 2.74(t, J=6.1Hz, 4H, 2CH2), 3.34(s, 6H, 
2CH3), 3.35(s, 6H, 2CH3), 3.62(m, 4H, 2CH2), 4.14(m, 2H, 2CH), 4.64(d, J=8.2Hz, 2H, 
2CH), 4.82(bs, 4H, 2CONH2), 5.23(s, 2H, 2CH), 5.57(d, J=9.5Hz, 2H, 2CH=), 5.85(t, 

10 J=9.5Hz, 2H, 2CH=), 6.52(t, J=l 1.8Hz, 2H, 2CH=), 6.62(t, J=5.0Hz, 2H. 2NH), 6.97(d, 
J=11.8Hz, 2H, 2CH=), 7.19(s, 2H, 2CH), 9^6(s. 2H, 2NH). 



Example 112: Preparation of Componnd #864 




Compound #864 was prepared by the same method described for compound #841 
1 5 except that compound #63 8 was used instead of compound #237. The pure purple product 
was obtained after colurnn chromatography (siHca gel); yield: 83%; mp 141.5-144.5°C; 
NMR(CDCl3) 6 1.05(d, J=7.0Hz, 6H, 2CH3), 1^5(d, J=7.0Hz, 6H, 2CH3), 1.52(m, 2H, 
CH2), 2.35(dd, J=14Hz, 2H, 2CH2), 2.63(dd, J=14Hz, 2H, 2CH2). 3.34(s, 12H, 
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6CH3+6CH3), 3.68(m, 6H, 4CH2+2CH), 4.12(m, 2H, 2CH). 4.32(d, J=8.2Hz, 2H, 2CH), 
4.82(bs. 4H, 2CONE2), 5^0(s, 2H, 2CH=), 5.55(d, J=9.5Hz, 2H. 2CH). 5.85(t, J=9.5H2. 
2H, 2CH=), 6.12(t, J=5.8Hz, 2H, 2NH), 6.52(t, J=11.5Hz, 2H, 2CH=), 6.94(d, J=ll^ 
2H, 2CH=), 7.19(8, 2H, 2CH-Ar), 921(s, 2H, 2NH); 



Example 113: Preparation of Componnd #867 




Compound #867 was prepared by the same method described for compound #841 
except that compound #484 was used instead of compound #237. The pure purple product 
was obtained after column chromatography (silica gel); yield: 90%; mp 136.5~138''C; 

10 NMR (CDCI3) 5 1.06(d, J=7.0Hz, 6H, 2CH3), 1.27(d, J=7.0Hz, 6H, 2CH3), 1.75(m, 6H, 
2CH2+2CH), 1.84(s, 6H, 2CH3), 2.01(s, 6H, 2CH3), 2.35(dd, J=14Hz, 2H, 2CH2), 2.63(dd. 
J=14Hz, 2H, 2CH2), 3.34(s, 12H, 6CH3+6CH3), 3.68(m, 6H, 4CH2+2CH), 4.12(m, 2H, 
. 2CH), 4.32(d, J=8.2Hz, 2H. 2CH), 4.82(bs, 4H, 2CONH2), 520(s, 2H, 2CH=), 5.55(d, 
J=9.5Hz, 2H, 2aS), 5.85(t, J=9.5H2, 2H. 2CH=), 6.41(t, J=5.8Hz, 2H, ZNH). 6.50(t, 

15 J=11.5Hz, 2H, 2CH=), 6.94(d, J=11.5Hz. 2H, 2(31=). 7.17(s, 2H, 2CH-Ar), 9.21(s, 2H. 

. . 2NH); . .. 



ll-keto-17 -amide GM analogs 

Example 114: Preparatioii of Compound #868 
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Compound #868 was prepared by the same method described for compoimd #841 
except that compound #563 was used instead of compound #237. The final piire yellow 
product was obtained after column chromatography (silica gel); yield: 75%; mp 
5 128~131.50C; NMR (CDCI3) 51.02 (d, J=7.0Hz, 3H, CHS), 1.16 (d, J=7.0Hz, 3H, 
CH3). 1.45(m. IH, CH), 1.68(m, IH, CH), 1.79(s, 3H, CHS), 2.05(s, 3H, CHS). 2.39(dd, 
J=9.2Hz, IH, CH2), 2.64(dd, J=9.2Hz, IH, CH2), 3.40(s, SH, CHS), S.42(s, SH, CHS), 
3.85(m, IH, CBD, 3.9S(t, J=4,SHz, IH, CH), 4.38(d. J=8.2Hz, IH, CH). 4.77(s, 2H, NH2), 
^ 5.09(s, IH, CH), 5.80(d, J=9.4Hz, IH, CH), 5.96(t, J=9.4Hz, IH, CH), 6.58(t, J=10.8Hz, 
10^ IH, CH), 7.02(d, J=10.8Hz, IH, CH), 7.55(m, SH, SCH), 7.62(t, J=7.2Hz, IH, CH), 
. ; 7.9S(d, J=^.2Hz, 2H, 2CH), 8.55(s, IH, NH), 8.98(s, IH, NH); MS(m/z)670.7(M+Na); 

Example 115: Preparation of Compound #840 




Compound #840 was prepared by the same mettiod described for compound #841 
15 except that compound #513 was used instead of compound #237. The dBnal pure yellow 
product was obtained after column chromatogr^hy (silica gel); yield: 82%; NMR 
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(CDas) 60.96 (d, J=7.0Hz. 3H. CH3), 1.65(in, 3H, CHi^CS), 1.79(s, 3H, CH3), 2.05(s, 
3H, CH3), 2.24(s. 3H, CH3), 2.39(dd. J=92Hz. IH. CH2), 2.54(<id, J=92Hz, IH, CH2). 
3.40(s, 3H, CH3), 3.42(s, 3H, CH3), 3.88(m, 2H, CH4CH), 4.38(d, J=82Hz, IH, CH), 
4.77(bs, 2H, C0NH2), 5.09(s, IH, CH), 5.80(d, J=9.4Hz, IH, CH), 5.96(t, J=9.4Hz, IH, 
CH), 6.58(t, J=10.8Hz, IH, CH), 6.95(d, J=10.8Hz, IH, CH), 7.49(s, IH, CH), 7.75(s, IH, 
NH), 8.82(s, IH, NH); MS 608.5(M+Na); 

ll-keto-lT-carbomate GM analogs 



Example 116: Preparation of Compoand#861 




Conq>ouDd #861 was prq>ared by Hbe same mefbod described for can^ound #841 
except that coiiq)Oiind #656 was used instead of can:q>oimd ^37. The final pure yellow 
product was obtained after colmnn chromatogr^hy (silica gel); yield: 75%; ^H NMR 
(CDQs) 61.03 (d, J=7.0Hz, 3H, CHS), 1.16 (d, J=7.0Hz, 3H, CH3), 1.34 (t. J=8Hz, 3H, 
CH3), 1.45(in, IH, CH), 1.68(ni, IH, CH), 1.72(m. IH, CH), 1.81(s. 3H, CH3), 2.08(s, 3H, 
CH3), 2.39(dd, J=9.2Hz, IH, CH2), 2.64(dd, X=9.2Hz, IH, CH2), 3.40(s,-3H, CH3), 3.42(s, 
3H, CH3), 3.85(m, IH, CH), 3.93(t, J=4.3Hz, IH, CH), 4.23 (m, 2H, CH2), 4.38(d, 
J=8.2Hz, IH, CH), 4.77(s, 2H, NH2), 5.09(s, IH, CH), 5.80(d, J=9.4Hz, IH, CH), 5.96(t, 
J=9.4Hz, IH, CH), 6.58(t, J=10.8Hz, IH, CH). 7.02(d, J=10.8Hz, IH, CH), 7.29 (s, IH, 
CH=), 7.50(s, IH, NH), 8.85(s, IH, CONH); MS(n)/z) 638 (M+Na). 
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J. Hemiacetal GM analogs 



Example 117: Preparation of Compound #1026 



o 



0 




CHa3,6h 



Se02 




To Greldanamycin (500mg, 0.89nmiol) in IQmL of dioxane was added 



5 seleniiim(IV) dioxide (198mg, LTSmmol) at room teiiq)erature. The reaction mixture was 
heated to lOO^C and stirred for 6 hours. After cooled down to room temperature, the 
solution was diluted with ethyl acetate, washed with water and brine, dried over 
magnesium sulfate, filtered and evaporated in vacuo. The final pure yellow product was 
obtained after column chromatography (silica gel); yield: 65%; NMR (CDCI3) 5 



10 0.97(d, J=7.0Hz, 3H, CH3), 1.01(d, J=7.0Hz, 3H, CH3), 1.75 (m, 3H, CH2+CH), 2.04(s, 
3H, CH3), 2.41(m, 3H, CH+CH2), 3.28(s, 3H, CH3), 3.38(s, 3H, CH3), 3.43(m, IH, CH), 
3.87(m, IH, CH), 3.94(s, IH, OH), 4.15(s, 3H, CH3), 4.54(d, J=9.8Hz, IH, CH), 4.76(bs, 
2H, CONH2), 4.79(s, IH, CH), 5.48(s, IH, CH), 5.92(t, J=10.4Hz, IH, CH-), 6.25(d, 
J=9.7Hz, IH, CH=), 6.55(t, J-11.5Hz, IH, CH=), 7.21(d, J=lL5Hz, IH, CH=), 732(s, 

15 IH, CH-Ar), 8.69(s, IH, NH); MS (m/z)597.6 (M+Na); 



Example 118: Preparation of Compound #1048 
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Coiiq}ouiid #1048 was prepared by the same method described for conq)oimd #914 
except that azetidine was used instead of alljdanune and conqiound #1026 was used 
instead of conq)ound #914. The final pure purple product was obtained after cohmm 
chromatography (silica gel); yield: 89%; 'H NMR (CDQs) 5 0.99 (d, J = 6.8 Hz, 3H, 
5 CH3), 1 .04 (d, J = 6.8 Hz, 3H, CH3), 1.80 (m. 3H, CH+2CH2), 2.06 (s, 3H, CH3), 2.26 (m, 
IH, CH2), 2.32(m, IH, CH), 2.50(m, 2H, 2CH2), 2.73(d, t=6.8Hz, IH, CHj), 3.28 (s, 3H, 
CH3), 3.36 (s, 3H, CH3), 3.48 (m, IH, CI^, 4.02 (d4 J=12Hz, J=4.5Hz, IH, CH), 4.62(m, 
3H, 2CH2+CH), 4.78 (m, 2H, 2CH2), 4.89(s, IH, CH), 5.16(s, IH, OH), 5.47 (s, IH, CH), 
5.89( t, J = 10.5Hz, IH, CH=), 6.10 (d, J = 10 Hz, IH, CH=), 6.66 (t, J = 12Hz, IH, CH=), 
10 7.07 (d, J = 12Hz, 1H,CH=), 7.27 (s,lH,CH-Ar), 8.77 (s,lH,CONH); 

Example 119: Preparation of Conqioiiiid #1 058 




Compound #1058 was prepared by the same method described for compound #914 
exc^t that pyrrolidine was used instead of allylamine and compound #1026 was used 

15 instead of coirq>ound #914. The final pure purple product was obtained after column 
chromatography (silica gel); yield: 69%; *H NMR (CDCI3) 8 0.89 (d, J = 6.8 Hz, 3H, 
CH3), 0.93 (d, J = 6.8 Hz, 3H, CH3), 1.80 (m, 3H, CH-tCHz), 2.06 (s, 3H, CH3), 2.26 (m, 
3H, CH2+€H), 2.32(m, 3H, CH+CH2), 2.93(d, 1=6.8Hz, IH, CH2), 3.27 (s, 3H, CH3), 3.36 
(s, 3H, CH3), 3.48 (m, IH, CH), 3.61(m, 2H, CH2), 3.98 (m, 3H, CH+CHj), 4.62(d, 

20 J=9.8Hz, IH, CH), 4.82 (bs, 2H, NH2), 4.89(s, IH, CH), 5.04(s, IH, OH), 5.47 (s, IH, 
CH), 5.89( t, J = 10.5Hz, IH, CH=), 6.15 (d, J = 10 Hz, IH, CH=), 6.53 (t, J = 12Hz, IH, 
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CH=), 7.09 (d, J = 12Hz, IH, CH=), 7.30 (s, IH, CH-Ar), 8.69 (s, IH, CONH); MS 
(m/2)614.7(M*H); 

Example 120: Preparation of Compoimd#1143 




5 Confound #1 143 was prqpared by fhe same method described for compomid #914 

except that dimethylamino eOiylanine was used instead of allylamine and compound 
#1026 was used instead of compound #914. The final pure purple product was obtained 
after column chromatography (siHca gel); yield: 90%; NMR (CDQa) 5 0.93 (d, J = 6.8 
Hz, 3H, CRi), 0.99 (d, J - 6.8 Hz, 3H, CH3), 1.80 (m, 3H, CH+CHz), 2.06 (s, 3H, CH3), 

10 2.26 (m, 2H, CH+CH2), 2.28(s, 6H, 2CH3), 2.56(t, J=5.6Hz, 2H, CH2), 2.93(d, tF6.8Hz, 
IH, CH2), 3.27 (s, 3H, CH3), 3.36 (s, 3H, CH3), 3.48 (m, 3H, CH+CHj), 3.98 (dd, 
J=9.9Hz, IH, CH), 4.62(d, J=9.8Hz, IH, CH), 4.82 (bs, 2H, NH2), 4.89(s, IH, CS), 4.91(s, 
IH, OH), 5.47 (s, IH, CH), 5.89( t, J = 10.5Hz, IH, CH=), 6.15 (d, J = 10 Hz, IH, CH=), 
6.53 (t, J = 12Hz, IH, CH=), 7.07(s, IH, Mi), 7.19 (d, J = 12Hz, IH, CH=), 7.30 (s, IH, 

15 CH-Ar), 8.76 (s, IH, CONH); MS (m/z)631.94(M*H); 

New GM dimer analogs 

Example 121: Preparation of Compound 635 
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Compound #635 was prepared by the same method described for compoimd #594 
except that diglycolyl chloride was used instead of terephthaloyl chloride. The pure purple 
product was obtained after colunm chromatography (silica gel); yield: 75%; NMR 
(CDCb) 8 0.95 (d, J = 7 Hz, 6H, 2CH3), 1.0 (d, J = 7 Hz, 6H, 2CH3), 1.69 (m, 4 H, 2 

5 CH2), 1.76 (s, 6 H, 2 CH3), 1 .83 (m, 2H, 2CH), 2.0 (s, 6H, 2CH3), 2,36(dd, J = 14Hz, 2H; 
2CH), 2.63 (d, 2H, 2CH), 2.75(m, 2H, 2CH), 3.25(s, 6H, 2OCH3), 3.35(s, 6H, 2OCH3), 
3.4 (m, 2H, 2CH), 3.68(m, 2H, 2CH), 35 (m, 4H, 2CH2), 4.3 (s, 4H, 2CH2X 4.4(d, J = 10 
Hz, 2H, 2CH), 4.5(t, 4H, 2CH2), 4.8(Bs, 4H, 2NH2), 5.19(s, 2H, 2CH), 5.82(t, J = 15 Hz, 
2H, 2CH=), 5.89(d, J = 10 Hz, 2H, 2CH=),6.4 (t, 2H, 2NH ), 6.59( t, J = 15 Hz, 2H, 

10 2CH=), 6.92 (d, J = 10 Hz, 2H, 2CH=), 7^4(s, 2H, 2CH-), 9.21(s, 2H, 2NH); MS 
(m/z)1276 (M-H). 

Example 122: Preparation of Compound #713 




1 5 Sodium hydride (IS.lmg, 0.377mmol) was added to a solution of conqjound A 

(reported in Kagen patent) (200mg, 0.343mmol) in THF (8ml) in a flame-dried flask under 

" Na'andistiired at room tenq)eratui:c (solution A). l,r-carbonyldiimidazole(61.1mg, 

0.377mmol) was added to a solution of N-methyiiminodiacetic add (2SJ2mg, 0.171mmol) 
in TEIF (4ml) and stirred for 20 mins (solution B). Then solution B was added to solution 

20 A at room temperature. The reaction mixture was diluted with water after 2 hours, and 
extracted with EtOAC, washed with wato:, brine and dried over MgS04. The crude was 
chromatogrs^hed (5% CH30H/CH2a2) to afford fee desired dimer as a purple solid 
(lOOmg, 0.084nmiol). Yield: 50%; ^H NMR (CDQs) 6 0.95 (d, J = 7 Hz, 6H, 2CH3), 1.0 
(d, J = 7 Hz, 6H, 2CH3), 1.69 (m, 4 H, 2 CH2), 1.76 (s, 6 H, 2 CH3), 1.83 (m, 2H, 2CH), 
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2.0 (s, 6H, 2CH3), 2.36(dd, J = MHz, 2H, 2CH), 2.63 (d, 2H, 2CH), 2.75(m, 2H, 2CH), . 
3.25(s, 6H, 2OCH3), 3.35(s, 60, lOCEi), 3.4 (m, 2H, 2CH), 3.68(m. 2H, 2CH), 3.9 (m. 
4H, 2CH2), 4.4(d, J = 10 Hz, 2H, 2CH). 4.5(t, 4H, 2CH2), 4.8(Bs, 4H, 2NH2), 5.19(s, 2H, 
2CH), 5.82(t, J = 15 Hz, 2H, 2CH=), 5.89(d, J = 10 Hz, 2H, 2CH=),6.4 (t, 2H, 2NH ), 
5 6.59( t, J = 15 Hz, 2H, 2CH=), 6.92 (d. J = 10 Hz, 2H, 2CH»), 7.24(s, 2H, 2CH=), 9.21(s, 
2H, 2NH); MS (m/z)1204 (M-H); 

Example 123: 

HSP90S taken from tumor ceD lines more avidly bind knofvn HSP90 modulators 

Recently, Nicchitta et aL, WO 01/72779 (PCT/USOl/09512), demonstrated that 
1 0 HSP90 can assume a different confQmiation i^n heat shock and/or binding by the 
jQuorophore Ws-ANS. I^ecifically, Nicchitta et al. demonstrated that this induced 
conformation exhibits a hi^ier aEBnity for certain HSP90 ligands than for a different fomi 
of HSP90 that predominates m normal cells. Applicants build on Nlcchitta's work by 
demonstrating that higher afGnity HSP90 conformations predominate in tumors: 

15 Purified native HSP90 protein (Stressgen) or cell lysates prepared m lysis buffer 

(20mM Hepes, pH 7.3, ImM EDTA, 5mM MgC12, lOQmM KCl) were incubated in the 
absaice or presence of 17-AAG or test conqwund for 15min at 4*C. Biotin-geldanamydn 
(biotm-GM) was then added to the mixture as discussed previously, and the reaction was 
furflier incubated by rotating for Ihr at 4'*C. BioMag™ strq)tavidin magnetic beads were 

20- then added to the mixture, and the reaction was incubated by rotating for anoflier Ihr at 
4°C. Tubes were placed on a magnetic rack, and the unboimd supernatant removed. The 
magnetic beads were washed three times in the lysis buffer, and the washes discarded. 
SDS-PAGE sample buffer was added to the beads and boiled for 5 min at 95°C. Samples 
were analyzed on 10% SDS protein gels (Novex), and then Westem blots using anti- 

25 HSP90 monoclonal antibody (Stressgen SPA-830). The bands in the Westem Blots were 
quantitated using the Bio-rad Huor-S Imager, and the % inhibition of binding of 17-AAG 
or test conipound calculated. The IC50 reported is the concentration of the compound 
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needed to cause half-maximal inhibition of binding. For experiments that utilized heat- 
shocked Hsp90, the purified HSP90 native protein was incubated for 15mm at 50*'C. For 
experiments that utilized bis-ANS treated HSP90, the purified HSP90 protein was 
incubated with bis-ANS (Molecular Probes) for 30 min at 37®C- The results are shown in 
Table 2. 



TABLE 2 



Cmpd 


Lysate (high affinity) 
IC50 nM 


rHsp90 (low affinity) 
ICSOnlU 


ratio 


17AAG 


20 


700 


35 


237 


30 


2000 


67 


529 


15 


1000 


67 


563 


50 


4500 


90 


661 


10 


1000 


100 


687 


8 


2000 


250 


709 


9 


1500 


167 


754 


4 


2000 


500 



Using vaiious compounds of the invention as described in Table 3, Applicants 
repeated the studies described by Nicchitta et al., WO 01/72779 (PCT/USOl/09512), to 
demonstrate that HSP90 bound by the fluorophore bis-ANS is selective for ansamycins 
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and that the relative selectivity for the related chaperonin, GRP94, is enhanced by 
fimctionalizing the 1 1-position of various ansamycins. 



TABLES 



Compound # 


BIS-ANSICsoFiM 




HSP90 


GRP94 


17-AAG 


n n 




981 






982 


s e 




983 


7.0 


1.8 


984 


42 


2.5 


985 


12.0 


0.8 


1011 


5.0 


0.3 


1012 


6.0 


3.0 


1013 


5.2 


2.0 
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Example 124: Her-2 degradation in MCF7 cancer cells and ivater solubility 
Various of flie conipounds described above were evaluated for their ability to 
degrade Her-2 and furflier evaluated for water solubility. 



HER2 Inhibition Assay 

5 MCF7 cells are seeded in 24 well plates at a density of ^proximately 30,000 

cells/well and allowed to grow for 16 hours in DMEM supplemented with 10% FBS. 
Drug is then added at a concentration range of 100 uM to .01 uM. Cells are incubated for 
an additional 24. Drug treated cells and untreated control cells are trypsinized, and 
incubated at room temperature for 15 minutes with anti Her-2 neu Ab conjugated with 

10 phycoerythrin (Becton Dickinson, San Jose CA; Cat no. 340552) at a concentration of 
0.25 ug/ml, or non-specific control IgGl conju^ted with phycoerythrin (Becton 
Dickinson, San Jose CA; Cat no. 340761). Samples were analyzed using a FACS Calibur 
flow cytometer (Becton Dickinson) equipped with Argon-ion laser that which emits 15 
mW of 488 nm light for excitation of the phycoerythrin fluorochrome. 10,000 evmts were 

IS collected per sample. A fluorescence histogram was generated and the mean fluorescence 
intensity (mfi) of each sanq>le was determined using Cellquest software. The background 
was defined as the mfi generated fix>m cells incubated with control IgG, and was 
subtracted &om each sample stained with the HER-2/neu Ab. Percent degradation of 
Her-2 was calculated as follows: 

20 %Her-2 degradation = (mfi HER-2 sample)/(mfi HEEl-2 untreated cells) x 100 



Water solubility studies 

Various salts were prepared as described in the example section and dissolved in 
water at room temperature. Data for the HCl salts along vnih HER2 degradation in MGP7 
cells is shown in Table 4. 

25 
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TABLE 4 



Compound 


HER-2 degradation 
(ICsonM) 


Solubility of the HCl salt 
inH20 

(mg^ 


17AAG 


5 


<0.01 


#207 


12 


>13.0 


#208 


11 


>20.0 


#237 


20 


>13.0 


#238 


20 


<0.01 


#133 


25 


<0.01 


#212 


10 


<0.01 


#232 


80 


<0.01 


#530 


100 


>2.0 



Example 125: In Vitro Metabolism Evaluation 

Compound #709 created per Example 72 was incubated with commercially 
available S9 fractions prepared from human livers (In-Vitro Technologies, Baltimore MD 
21227) to evaluate its metabolism in a human-derived system capable of both Phase I and 
Phase n metabolic reactions. The conrpound was incubated (in duplicate at a final 
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concentration of LO jiM) with human S9 containing an NADPH regenerating system and 
cofactors for phase n conjugation (sulfation and glucoronidation) at 37*^0 with shaking for 
1 hour. Duplicate control incubations were carried out using S9 inactivated by boiling for 
5 minutes in a water bath. The enzymatic viabiUty of titie preparation was verified using 
5 coumarin (phase I activity) and 7-OH coumarin (phase n activity). The reactions were 
terminated by the addition of acetonitrile followed by isolation (by centriiugation) and 
evaporation of the aqeous/organic phase. The concentrations of Example 10 and 17- 
aminogeldanamycin (17-AG) were detemuned by reverse phase high peiformance liquid 
chromatography using UV detection (335nm). The identity of 17-AG was confirmed by 
10 HPLC retention time and by its UV spectrum relative to an authentic standard. 

Example 126: Antiviral Demonstration 
O'Keefie et al., Requirement for a Kinase-specific ch^erone Pathway in the 
Production of a Cdk9/Cyclin Tl Heterodimer Responsible for P-TEFb-mediated Tat 
Stiumation of HIV-1 Transcription, Journal of Biological Chemistry, 2000, 275:279-287 

15 demonstrated that a subunit of P-TEEI^ called Cdk9 exists in a complex with HSP90, and 
that geldanamycin blocks the formation of an active P-TEFb which is needed for Tat- 
activation. Tat-activation of HIV-1 transcription is mediated by the trancription 
elongation factor, P-TEFb, which is known to phosphorylate and activate the Tat protein. 
Based on this, the inventors hypothesized that HSP90 inhibitors potentially can be used to 

20 thwart retroviral rephcation, particularly replication of those retroviruses that are 

dependent on Tat for replication, e.g., HIV. In this way, HSP90 inhibitors could be used 
as a treatment or prophylactic for individuals that are infected or stand to be infected. The 
results discussed herein validates this potential. AH viruses that require Tat for their 
rq)lication stand to be affected. Tat may vary in amino acid sequence between different 

25 serotypes and viruses. 
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METHODS 

Anti-HIV Efficacy of Conforma Compounds in Fresh Human PBMCs: 
Five ansamycin compounds (17-AAG, Compound#208, Compomid#483, Compound#749, 
Compound#101 1) were tested at dilutions of 0.0009 nM, 0.003 pM, 0.01 pM, 0.032 pM, 
5 0.1 nM, 0.32 nM, 1 pM, 3.16 |jM, and 10 pM for anti-HIV activity against HIV-Irojo in 
peripheral blood mononuclear cells (PBMCs). AZT was used as a positive control 
antiviral compound. 

Anti-HIV PBMC assay: PBMCs were isolated from fresh human blood and the PBMC 
assay performed as desc^bed in Ojwang et al., 1995, Antimicrobial Agents and 

10 Chemother^y, 39:2426-2435 . Briefly, the PBMCs were plated in 96 well plates at 5 x 
10"^ cellsAvell. Test compounds were added to cells, and the cells pre-incubated for 2 
hours. The HIV-Irojo virus was then added to each well (final MOI s 0.1). Cells that did 
not get compounds were used as the virus control. Post-infection^ the cultures were 
maintained for 7 days, and then the supernatant collected and assayed for reverse 

15 transoiptase activity as desoibed in Buckheit et al., 1991, AIDS Research and Human 
Retroviruses, 7:295-302. 

MTS assay to measure cytotoxidty of PBMC: 

PBMCs in 96 well plates that were treated with compounds (without virus) were assayed 
for cell viability and compound toxicity using an MTS assay (CellTiter 96 Aqueous Non- 
'20" Radioactivity CeU ProMeration Assay; Promega, Madisoi^^ 

DATA ANALYSIS 

The results to the above assays are shown in Figure 1 . For each compound used, the raw 
data for antiviral activity and toxicity were graphed, and the IC so (50%, inhibition of vims 
replication), TC50 (50% cytotoxicity) and a tiierapeutic index (TI, TC50/IC50) are provided 
25 in Table 4. AZT was evaluated in parallel as a relevant positive control compound in the 
anti-HIV assay. 
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RESULTS 

TABLE 5: Antiviral Efficacy of ansamycins against HIV-Irojo in PBMCs 



Compound ICsoipM) 


TCsoGiM) 


H 


17-AAG 


0.38 


2.02 


5.32 


Compoiind#208 


0.007 


0.27 


38.0 


Compoun^83 


0.08 


0.63 


7.88 


Coiiq)Oimd#749 


0.02 


1.12 


56.0 


Compound#1011 


0.2 


2.9 


14.5 


AZT Control 


0.0051 


>1.0 


>197.6 , 



Example 127: Anti-Tumor Demonstration 

5 Figures 3-6 show the tumor-iDhibiting ability of various compounds of the 

invention. 

Figure 3 shows that Coinpoimd#237 blocks the growth of A549 xenografts in vivo. 
Groiqps of five animals, each bearing two established subcutaneous A549 tumors, were 
given IP injections of 17-AAG or Con^omid#237 on three consecutive days each week 
10 for four weeks. Similar efficacy has been seen with five second-generation ansamycins, 
some of which are being developed as back-ixps to Conipound#237. 

Figure 4 shows the results of MDA435 tumor-bearing animals that received four 
courses of therapy with vehicle or compounds of the invention. The MDA435 breast 
tumor model is sensitive to ansamycins in vitro and grows r^idly in nude mice. Figure 5 
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shows the data from four experiments in the MDA435 model. Animals were injected 
subcutaneously at two sites with 5 x 106 MDA435 breast tumor cells and the tumors were 
allowed to grow for 10 days. When the tumors were '-5Qram3 in size, the animals were 
randomized into groups of five (1 0 tumors/group). Therapy commenced under the 
5 schedule described for the AS49 model. Animals were treated with vehicle (triangles) or 
one of two doses (25 or 30 mg/kg, squares; 40 or 50 mg/kg, circles) of drugs. In MDA435, 
17-AAG failed to demonstrate any significant anti-tumor activity while Compound#237 
and the other lead second-generation compounds caused a 70 to 100% inhibition of tumor 
growth. 

10 Figure 5 shows the efficacy of Compound#237 and Compound#563 in a SKOV-3 

ovarian xenograft model. Compounds have also been tested in HER-2 over-expressing 
tumor models such as BT474 breast and SKOV-3 ovarian carcmoma. A therapy 
e?cperiment with SKOV-3 is shown in Figure 6. The treatment, doses, and schedule were 
the same as used in tiie A549 and MDA435 e}q>eriments. hi this case, the tumors were 

15 allowed to become established and grow to a relatively large size (200 mm3) before 

commencement of treatment. Both Compound#237 and Compound#563 suppressed tumor 
growth almost completely. These data confirm the sensitivity of HER-2 driven cancers and 
demonstrate that these compounds are effective against well-estabUshed soUd tumor 
xenografts. Similar efficacy has been demonstrated with the BT474 xenograft model. 

20 * Figure 6 shows the efficacy of Compound#237 and 17-AAG in a^transplanta^ 
human breast cancer xenograft model. The activity of 17-AAG and Compoun(BG37 was 
compared in a primary human breast tumor xenograft model. These tumors were generated 
from transplantation of primary hxmian malignant material and have been maintained 
exclusively by serial passage in animals. The data are shown in Figure 7. Both 

25 compounds were given at 30mg/kg intraperitoneally. 17-AAG showed only marginal anti- 
tumor activity in this model. By contrast, those animals treated with Compound#237 
displayed tumor growth inhibition of 86%. 
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* ^ 

The foregoing exaioples are not limiting and are merely representative of various 
aspects and embodiments of the present invention. All documents cited are indicative of 
the levels of skill in the art to which the invention pertains. The disclosure of each 
document is incorporated by reference herein to the same extent as if each had been 
incorporated by reference in its entirety individually, although none of the documents is 
admitted to be prior art Reagents described are all commercially available or otherwise 
readily attainable by those of ordinary skill in the art, or produced without undue 
experimentation by such person of skill having the benefit of this application. 

One skilled in Ihe art will readily appreciate that the present invention is well 
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as • 
those inherent therein. The methods and compositions described illustrate preferred 
embodiments, are exemplary, and are not intmded as limitations on the scope of the 
invention. Certain modifications and other uses will occur to fliose skilled in the art, and 
are encompassed within the spirit of the invention, as defined by the scope of the claims. 

It will be readily;^arent to one skilled in the art lhat varying substitutions and 
modifications may be made to the invention without departing fix)m the scope and spirit of 
the invention. Thus, such additional embodiments are within the scope of the invention 
and the followmg claims. 

The invention illustratively described herein suitably may be practiced in the 
absence of any element or elements, limitation or limitations which is not specifically 
disclosed herein. Thus, for example, while the terms "comprising", "consisting essentially 
of and "consisting o^" each carries a different meaning as a transition phrase, each such 
phrase may be used m lieu of the others to endow tiie claims with a different breadth. The 
terms and expressions which have been employed are used as terms of description and not 
of limitation, and there is no intention in the use of such terms and expressions of 
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excluding any equivalents of the features shown and described, or portions thereof. It is 
recognized that various modifications are possible within the scope of the invention 
claimed. 

In addition, where features or aspects of the invention are described in terms of 
Markush groups or other grouping of altematives, those skilled in the art will recognize 
that the invention is also thereby described in terms of any individual member or subgroup 
of members of the Markush group or other group, and exclusions of individual members 
as appropriate, e.g., by proviso. 

Other embodiments are within the following claims. 

We claim: 
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CLAIMS 

1 . A compound of £3nnula (T) 




(D 

or pharmaceutically acceptable salt thereof, wherein 

X is selected fix>m the groiq) consistmg of optionally substituted (Cl-C20)alkyl, 
optionally substituted (Cl-C20)heteroalkyl, optionally substituted (C2-C20)alkenyl, 
optionally substituted (C2-C20)heteroalkenyl, optionally substituted (C2-C20)alkynyl, . 
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 
arylalkyl, optionally substituted heteroarylalkyl, optionally substituted cycloalkyl, 
optionally substituted cycloheteroalkyl, -N(R9)-C(0)R7, -N(R9)-C(0>0 R7, -N(R9> 
C(0)-N R7R8, -N(R9)-C(S) R7, -N(R9)-C(S)-0 R7, -N(R9)-C(S)-N R7 Rg, -ORe and - 
:N(Ri4)(Ri5); . .. 

Ri and R2 are both H or together form abond; 

R3 is selected from the group consisting of H and optionally substituted C1-C3 

alkyl; 

R4 and R5 are independenfly selected from the group consisting of H, -OH, 0- 
alkyl, 0-acetyl, -0-aryl, OC(0)Rio, -S Or Rio> and -NH Rio, or together form 0x0 (=0), 
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or hydroxylamino alkoxyiiniiie or aryloxyimine, fhioketo, wherein Rio is selected fipm the 
group consisting of H, optionally substituted (Cl-C20)alkyl, optionally substituted (Cl- 
C20)heteroalkyl, optionally substituted aiyl; and optionally substituted heteroaiyl; 

is selected firom the group consisting of H, optionally substituted C1-C8 alkyl, 
5 optionally substituted CS-C8 aryl, and optionally substituted C1-C6 acyl; 

R7 and Rg each independently is selected fix)rQ the group consisting of H, 
optionally substituted (Cl-C20)alkyl, optionally substituted (Cl-C20)heteroalkyl, 
optionally substituted (C2-C20)alkenyl, optionally substituted (C2-C20)heteroalkenyl, 
optionally substituted (C2-C20)alkynyl, optionally substituted aryl, optionally substituted 
10 heteroaryl, optionally substituted arylalkyl, optionally substituted heteroarylalkyl, 

optionally substituted cycloalkyl, and optionally substituted cycloheteroalkyl; or together 
form a 4-7 membered optionally substituted ring; 

,^>- 

R9 is selected from the group consisting of H, optionally substituted C1-C6 alkyl, 
optionally substituted C5-C8 aiyl, and optionally substituted C5-C8 heteroaiyl, or together 
15 with R7 or Rg forms a 4-7.menibered optionally substituted ring 

Ri4 and R15 are independooitly selected from the group consisting of H, optionally 
substituted (Cl-C20)alkyl, optionally substituted (C2-C20)heteroalkyl optionally 
substituted (C2-C20)alkenyl, optionally substituted (C2-C20)heteroa]keiiyl, optionally 
substituted (C2-C20)alkynyl, optionally substituted aryl, optionally substituted heteroaryl, 
20 optionally substituted arylalkyl, optionally substituted heteroarylalkyl, optionally 

substituted cycloalkyl, and optionally substituted cycloheteroalkyl; or R14 and R15 together 
form an optionally substituted 4-7 membered heterocyclic or carbocychc ring; 

wherein Yi and Y2 are independentiy selected from the group consisting H, -OH, 
0-alkyl, 0-acetyl, -O-aryl, 0C(0) Rio, -S O2- Rio, and -NH Rio, or together form 0x0 
25 (=0), or hydroxylamino alkoxyimine or aryloxyimine, thioketo, wherein Rio is selected 
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from H, optionally substituted (Cl-C20)allcyl, optionally substituted (Cl-C20)hetax)alkyl, 
optionally substituted aryl and optionally substituted heteroaryl; 

or Yi or Y2 taken with R4 or R5 form an optionally substituted 5-7 membered 
heterocyclic or carbocyclic ring; 

5 provided that, if Yi and Y2 are both H and X is NCRhX R15) or -OR^ , then at least 

one of R4, Rs, R14, and R15 comprises a phosphorous moiety selected from the groiq> 
consisting of -OP(0)(ORi6)2 (phosphate), -CH2P(0)(0 Rich Ophosphonate), and - 
NP(0)(0 Ri6)2 (phosphoramide), wherein R16 is selected from the group consisting of H, 
alkyl, heteroalkyl, alkenyl, heteroalkenyl, alkynyl, heteroalkynyl, aryl and heteroaryl. 

10 2. The compound or pharmaceutically acceptable salt thereof of claim 1 

wherein X is further selected from -N(R9>C(0) R7, -N(El9)-C(0)-0 R7, -N0El9)-C(O)-N 
R7, -N(R^,).C(S) R7, -N(R9)-C(S)-0 R7, -N(R9>C(S>N R7, and N(Ri4)( R15). 

3 The compound or pharmaceutically acceptable salt thereof of claim 1 
wherein X is fiuiher selected from fix>m the group consisting of optionally substituted (Cl- 
15 C20)alkyl, optionally substituted (Cl-C20)heteroalkyU optionally substituted (C2- 

C20)alkeayl» optionally substituted (C2-C20)heteroalkenyl, optionally substituted (C2- 
C20)alkynyl, optionally substituted aryl, optionally substituted heteroaryl, optionally 
substituted arylalkyl, optionally substituted heteroarylalkyl, optionally substituted 
cycloalkyl, and optionaUy substituted cycloli^^ 

20 4. The compound or pharmaceutically accq)table salt thereof of claim 2 

wherein X is — NCRi4)( R15), 

5. The compound or pharmaceutically acceptable salt thereof of claim 2 
wherein X is -N(R9)-C(0) R7. 
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6. The compound or pharmaceutically acceptable salt thereof of claim 5 
having a formula selected from the following group of formulas: 
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8. The compound or phamiaceutically acceptable salt thereof of claim 1 
having a foimula selected fiom the following group of formulas: 
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9. The compound or phannaceutically acceptable salt thereof of claim 1 wherein X is - 
N(R9>C(0)-OR7. 

10. The compoimd or phannaceutically acceptable salt thereof of claim 9 selected £rom 
the group consisting of: 
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1 1 . The compoimd or phatmaceutically acceptable salt thereof of claim 1 selected fixmi 
5 the groi^ consisting of: 
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13. The compound or phaimaceuticaHy acceptable salt thereof of claim 1 selected from 
the group consisting of: 




5 14. The compoimd or pharmaceutically acceptable salt thereof of claim 5 selected from 
the groiq) consisting of: 




15. The compound or pharmaceutically acceptable salt thereof of claim 1 wherein X is -O 
10 R6. 
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16. The compound orphaimaceutically acceptable salt thereof of claim 15 having 
formula: 

o 




17. The compoimd or phaimaceutically acceptable salt thereof of claim 3 having 
5 formula: 




wherein A and B are both H or toge&er form a bond. 

18. A compound or pharmaceutically acceptable salt thereof of formula (II): 




10 or phaimaceutically acceptable salt thereof wherein 
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Ri ' and R2' are mdependently both H or together form a bond; 

R3 and R3' are independently selected from the group consisting of H and 
optionally substituted C1-C6 alkyl; 

R4 and R5 are independently selected from ttie groi^ consisting of H, -OH, O- 
5 alkyl, 0-acetyl, -O-aryl, 0C(0) Rio, -S O2- Rio, and -NH Rio, or together forai 0x0 (=0), 
or hydroxylamino, alkoxyimine, or aryloxyimine, thioketo, wherein Rio is selected from 
H, optionally substituted (Cl-C20)alkyl, optionally substituted (Cl-C20)heteroalkyl, 
optionally substituted aryl; and optionally substituted heteroaryl; 

R4' and R5* are independenfly selected from the group consisting of H, -OH, O- 
10 alkyl, 0-acetyl, -O-aryl, OC(0) Rio, -S O2- Rio, and -NH Rio, or together forai 0x0 (=0), 
or hydroxylamino, alkoxyimine, or aryloxyimine, thioketo, wherdn Rio is selected from 
H, optionally substituted (Cl-C20)alkyl, optionally substituted (Cl-C20)heteroalkyl, 
optionally substituted aryl; and optionally substituted heteroaryl; 

Re and Re' are independently selected from the group consisting of H, optionally 
15 substituted (Cl-C6)alkyl, optionally substituted (C5-C10)aryl, and optionally substituted 
■r (Cl-C6)acyl; 

X and X' are independently selected from NR11R12, -N(CO>, -NCRn)-, -NC(0>0, 
-NC(SK -NC(0)N-, -NC(CH2)-, -NC(NH)-, optionally substituted alkyl, optionally 
substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl, optionally 
20 substituted heteroaryl, -O Ri r, and -S Rn-; wherein Ri 1 and R12 are independently 
selected from optionally substituted (Cl-'C20)alkyl, optionally substituted (C2- 
C20)alkenyl, optionally substituted (C2-C20)alkynyl, optionally substituted aryl, 
optionally substituted heteroaryl, optionally substituted aiylalkyl, and optionally 
substituted cycloalkyl; and wherein R13 is selected from the group consisting of H, 
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optionally substituted (Cl-C6)alkyl, optionally substituted (C5-C10)aiyi, and optionally 
substituted (Cl-C6)acyl; and 

wherein Yi and Y2 are indq)endently selected fix)m the group consisting H, -OH, 
0-alkyI, Oacetyl, -O-aryl, OC(0) Rio, -S O2- Rio, and -NH Rio, or together form 0x0 
5 (=0), or hydroxylamino aDcoxyimine or aryloxyimine, thioketo, wherein Rio is selected 
from H, optionally substituted (Cl-C20)alkyl, optionally substituted (Cl-C20)heteroalkyl, 
optionally substituted aryl and optionally substituted heteroaryl; 

or Yi or Y2 taken with R4 or R5 form an optionally substituted 5-7 membered 
heterocyclic or carbocyclic ring; and 

10 the Linker is an optionally substituted 3-20 carbon atom chain having at least 1 

heteroatom moiety in the chain, wh^Dein said heteroatom moiety is optionally selected 
from the groiq) consisting of -N R6, sulfone, sulfonate, phosphonate, 

phosphate, and -Y-C(0)-Q-C(0)-Y-, wherein Y is selected from O, S, and N, and wherein 
Q is selected from optionally substituted alkyl, optionally substituted aryl, and optionally 

15 substituted heteroaryl; 

19. The compound or phaimaceutically acceptable salt thereof of claim 18 wherein 
said compound or pharmaceutically acceptable salt thereof is a homodimer. 

20. The compound or pharmaceutically acceptable salt thereof of claim 18 wherein 
said conq)ound or pharmaceutically acceptable salt thereof is a heterodimer. 

20 21. The compomd or pharmaceutically acceptable salt thereof of claim 18 having a 
formula selected from the group of formulas consisting of: 
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22. The compound or phannaceutically acceptable salt thereof of claim 18 having a 
formula selected from the group of formulas consisting of: 
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23 . The compound or phannaceutically acceptable salt tiii^eof of claim 1 8 represented 
byfomiiila: 




24. A pharmaceutical composition comprising a compoiind or phannaceutically 
acceptable salt thereof aixording to any one of the preceding claims and fiirther 
comprising one or more members selected from Ihe group consisting of phannaceutically 
accqptable excipients, carriers, bulking agents, salts, water, and alcohol. 

10 25. The pharmaceutical composition of claim 24 formulated for intravenous 

administmtion, and optionally disposed in a container member selected firom the gcoup 
consisting of vials and syringes. 

26. The pharmaceutical composition of claim 25 formulated for oral administration, 
and optionally disposed in a container member selected from the group consisting of gel 
15 capsules, tablets, bottles, vials, and inhalers. 
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27. A method of treating or preventmg a proliferative disorder that is sensitive to 
HSP90 inhibition, conq)rising: 

contacting a cell characterized by or sought to be protected from a proliferative disorder 
sensitive to HSP90 inhibition with a pharmaceutically effective amount of a compound or 
5 pharmaceutically acceptable salt thereof according to claim 24. 

28. The method of claim 27 wherein said cell is human and said proliferative disorder 
is selected from the group consisting of cancers and inflammatory disorders. 

29. The method of claim 28 wherein said cancer is a breast cancer characterized by 
high levels of HER-2 and wherein said method further comprises monitoring the amount 

10 of HER-2 as a measure of the treatment or prevention of said breast cancer. 

30. The method of claim 27 where said proliferative disorder is a genetically defined 
proliferative disorder characterized by a chromosontial aberration. 

3 1 . The method of claim 27 wherein said proliferative disorder is viral or bacterial- 
induced. 

J' 

I S 32. The method of claim 27 wherein said proliferative disorder is rheumatoid arthritis. 
33. A synthetic scheme conqirising the following steps: 
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O OH 




RCOCh THF 
MS4A 



(a) reducing a compound or phannaceutically acceptable salt thereof of fonnula 5a to form 
a compound or pharmaceutically acceptable salt thereof of formula 5b; 

(b) reacting the compound or phannaceutically acceptable salt thereof of formula 5b with 
5 an alkyl or aryl carboxyl halide or anhydride to fonn an amide compound or 

pharmaceutically acceptable salt thereof of formula 5c; and 

(c) oxidizing the amide compound or pharmaceutically acceptable salt fh^:eof of formula 
Sc to produce the compound or pharinaceu^ 

wherein R is R7, 0 R7, and N R7 Rs fiom claim 1 . 

10 34. A synthetic scheme comprising the following steps: 
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wherein R is optionally substituted (Cl-C20)alkyl, optionally substituted (Cl- 
C20)lieteroalkyl, optionally substituted (C2-C20)alkenyl, optionally substituted (C2- 
C20)heteroalkenyl, optionally substituted (C2-C20)alkynyl, optionally substituted aryl, 
optionally substituted heteroaryl, optionally substituted arylalkyl, optionally substituted 
heteroarylalkyl, optionally substituted cycloalkyl, and optionally substituted 
cycloheteroalkyL 

35. An ansamycin derivatized witb TfO. 

36. The ansamycin of claim 35 wherein said ansamycin is a benzoquinone ansamycin, 

37. The ansamycin of claim 36 derivatized with TflO at the 17 position. 

38. The ansamycin of claim 37 wherein said ansamycin has formula 
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39. A method of treating or preventmg a fibrogenetic disorder, comprising: 

contacting a cell characterized by or sought to be protected fiom a fibrogenetic disorder a 
phannaceutically effective amount of a compound or phannaceutically acceptable salt 
5 thereof according to claim 1. 

40. A method of treating or preventing oxidative-stress-induced cell death, comprising: 

contacting a cell characterized by or sougjit to be protected from oxidative-stress-iaduced 
cell death a phannaceutically effective amount of a compound or phamiaceutically 
acceptable salt thereof according to claim 1 . 

10 41. A method oftreatmg or preventing a neurological injury, comprising: 

contacting a cell characterized by or sought to be protected fiom a neurological injury a 
phannaceutically effective amount of a conq)ound or phannaceutically acceptable salt 
thereof according to claim 1. 

42. A method of reducing neurological injury resulting from cardiac arrest or stroke 

15 comprising administering to a patient suffering from cardiac arrest or stroke a composition 
comprising an effective amount of a confound or phannaceutically acceptable salt thereof 
according to claim 1. 

43. The method of any of claims 39-42 wherein said composition is administered within 
20 two hours of cardiac arrest or stroke. 

196 



wo 03/066005 



PCT/US03/04283 



44. The method of any of claims 39-42 wherein said composition is administered by 
intravenous infusion. 

45. The method of any of claims 39-42 wherein said composition is orally administered. 

5 46. An article of manufacture comprising a container; said container having a 

pharmaceutical composition comprising a compound or pharmaceutically acceptable salt 
thereof according to claim land further comprising a label with instructions for use of said 
compound or pharmaceutically accq)table salt thereof. 

47. A method oftreatingorpreventingixifection, comprising: 

1 0 contacting a cell that is infected or sought to be protected from infection with a 
pharmaceutically effective amount of a benzoquinoid ansamycin. 

48. A method of treating or preventing infection, comprising: 

contacting a cell that is infected or sought to be protected from infection with a 
" ' pharmaceutically effective amount of a compound or pharmaceutically acceptable salt 
I S thereof according to claim 1 . 

49. The method of claim 47 wherein said infection is caused by a virus selected from the 
-groiq) consisting of HIV, HTLV, HSV, HBV, HCV, ebola, retroviruses, rhinoviruses, - 
hepatitis, VZV, HAV, CMV, adenovirus, influenza, flavivfruses, echovirus, coxsackie 
virus, comovirus, respkatory syncytial virus, mumps virus, rotavirus, measles virus, 

20 rubella virus, parvovfrus, vaccinia vmis, dengue virus, papillomavirus, molluscum virus, 
poliovirus, rabies virus, JC vkus, arbovural encephalitis virus, arenaviruses, bunyaviruses, 
coronaviruses, hepadnaviruses, Epstein-Barr virus, cytomegalovirus, flaviviruses, 
orthomyxoviruses, paramyxo\druses, picomoviruses, polyomaviruses, poxviruses, 
reovirus, rhabdoviruses, rotavmises, togaviruses, rabies, vesicular stomatitis, reovirus, 
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vaccinia, measles virus, cytomegalovirus, sindbis virus, leukemia, polyoma virus, Rous 
sarcoma Virus (RS V), BK virus, JC virus, mouse mammaiy tumor virus (MMTV), 
alphavirus junction region. Varicella, adenovirus, herpes sinq)lex type I (HS V-I), herpes 
sinq)lex type n (HSV-U), rinderpest, rhinovirus, echovirus, rotavirus, respiratory syncytial 
5 virus, pq)illoma virus, p^ova virus, cytomegalovirus, echinovirus, aibovirus, huntavirus, 
coxsadde virus, mumps virus, measles virus, rubella virus and polio virus. 

50. The method of claim 49 wherein said virus is HIV. 

51. The method of claim 49 wherein said virus is HSV. 

52. Themethodof claim 49 wherein said virus is a rhinovirus. ■ 
10 53. The method of claim 49 wherein said virus produces cold syn5)toms. 

54. Themethodof claim 49 wherein said virus is ebola virus. 

55. A method of treatment of HIV using a compound or pharmaceutically acceptable salt 
thereof selected fiom the group: 



15 




198 



wo 03/066005 



PCTAJS03/04283 




56. A metiiod of treatment of HIV comprising administering a phannaceutically effective 
amoimt of a CQnq)otind or phannaceutically acceptable salt thereof selected &am the group 
5 of: 




17-AAG 



DMAG 
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